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DISCIATMER

The views, opinions, and/or findings contained in this report are
those of the author(s) and should not be construed as an official
Department of the Army position, policy, or decision unless so
designated by other documentation.

The use of trade names in this report does not constitute an official
endorsement or approval of the use of such commercial products. This
report may not be cited for purposes of advertisement.
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ABSTRACT

As part of the remedial investigation and feasibility study being
conducted at the Army Materials Technology Laboratory in Watertown,
Massachusetts, Arthur D. Little, Inc., conducted a program of physical
characterization and sampling of the site. The geology and hydrology
of the site was summarized using data from 17 soil borings, one of
which was cored 15 feet into bedrock, physical testing of soil
samples, water level measurements and determination of in situ
hydraulic conductivity from 16 monitor wells, a seismic refraction
survey to determine depth to bedrock and stratigraphic variation, and
two borehole geophysical surveys. ‘

Bedrock at the site consists of the Pennsylvanian Cambridge Argillite,
a dense, finely laminated siltstone. The siltstone is overlain by a
basal, bouldery till with a gray green, silt-rich sandy to gravelly
matrix. Laying on top of the till is a laminated, silty sand found
across the site, which is composed of moderately well sorted, very
fine to fine-grained sand, with a clayey-silty matrix. Overlying the
silty sand is a texturally variable layer of medium to coarse-grained
sand and gravel, which is not found over the entire site. It is
absent in the northwest corner of the site and grades to a gravelly
sand eastward. The coarser sand-gravel unit is generally overlain by

fill of disturbed gravel with exotic debris (concrete, brick, ceramic,
etc.).

Surface run-off across the site is to the south, toward the Charles
River, which is within 100-400 feet of the site. Groundwater flow,
estimated by water level data, is to the south. The gradient averages
0.03 across the site, but in the southeast corner it decreases to
0.003. In situ hydraulic conductivities (k) were determined by
falling head and rising heac tests. For the silty sand, k ranges from
7.06 x 10-¢ to 1.30 x 10-2 cm/sec and averages 6.4 x 10-® cm/sec. For
the coarser sandy gravel, k ranges from 4.24 x 10-3 to 3.30 x 10-2
cm/sec, averaging 2.7 x 10-? cm/sec. From a packed pressure test, k
for the argillite was found to average 4.1 x 10-7 m/sec. The flow
rate through the site was calculated to be 0.016 m3/sec (98 gpm).
Estimated flow velocities vary from 6.4 x 10-% cm/sec (142 m/yr) to

4.5 x 10-% cm/sec (l4.2 m/yr) where 4.5 x 10-% cm/sec is most
representative.
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1.0 BACKGROUND

The U.S. Army Toxic and Hazardous Materials Agency (USATHAMA) has
contracted with the Department of Energy-Idaho Operatiotis Office to
conduct a Remedial Investigation and Feasibility Study (RI/FS) at the
Army Materials Technology Laboratory (AMIL) in Watertown,
Massachusetts. The objective of the RI/FS is to characterize the
extent to which hazardous materials may have contaminated the
environment and to evaluate appropriate remedial alternatives. To
complete the RI/FS, the Department of Energy, through their
contractor, EG&G Idaho, Inc., has subcontracted Arthur D. Little,
Inc., to perform physical characterization and sampling of the site.
Specific tasks assigned to Arthur D. Little, Inc., included:

(a) Obtaining all permits, approvals, and licenses required by
federal, state, local, USATHAMA, and AMTL authorities to

perform the requested services.

(b) Performing a seismic refraction survey to map depth to
bedrock at the AMTL.

(¢) Drilling of three holes 10 feet into bedrock and installation
of monitor wells.

(d) Drilling of 14 holes approximately ten feet into the water
table and installation of monitor wells.

(e) Collection of soil samples at 5-foot intervals.

(£) Monitoring of drill cuttings, all samples and all wastes for
organic vapors, flammability and radiocactivity.

(g) Development of all wells completed.
(h) Hydraulic testing of all wells completed.

(1) Geophysical borehole logging of the three holes drilled into
bedrock.

(j) Collection of soil samples for chemical analysis (one per
hole, two in MW-3).

(k) Physical testing of approximately 20% of the soil samples
collected for Atterberg limits, bulk density, specific
gravity, porosity, hydraulic conductivity, and sieve grain
size distribution.

(1) Collection of water samples from each completed well for
chemical analysis.

A\ Arthur D. Little, Inc.




(m) Measurement of water levels in all completed wells and at one
location on the Charles River.

(n) Surveying locations and elevation of all completed wells.

(o) Entering all appropriate data into the USATHAMA Data Manage-
ment System.

(p) Documenting all data in a final report.

All of the above tasks were successfully accomplished except for
modifications in the core holes. Hole C03 was cored 15 feet into
bedrock and abandoned after hydraulic testing, on request of EG&G
Idaho, Inc. Hole CO2 was prematurely terminated because of high
volatile organic and explosivity measurements, on the advice of Arthur
D. Little, Inc., with concurrence by EG&G, Idaho. Hole CO03 was

terminated in the basal till rather than cored into bedrock at EG&G
Idaho's request.

Prior to commencing work at the AMTL, Arthur D. Little, Inc., prepared
a Health and Safety Plan, a Quality Control Plan and a Sampling Plan.
These plans were approved by EG& Idaho, Inc., and detailed our
procedures for site safety, operating procedures and quality
objectives for site activities, and sampling procedures. During the
entire period of the program, quality objectives and performance were
audited by Arthur D. Little's Quality Control Manager and, during
activity on site, safety procedures were monitored by Arthur D.
Little’s Health and Safety Manager.
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2.0 REGIONAL GEOLOGY

2.1 Site location

The Army Materials Technology Laboratory is located in Watertown,
Massachusetts, about six miles west of Boston (Figure 1l). The
facility currently occupies approximately 35 acres on the north bank of
the Charles River and includes ten major structures used for research
and development, testing, and manufacturing.

2.2 Bedrock Geology

The AMTL facility is located within the north central portion of the
Boston Basin, a topographic and structural basin bounded on the north
and northwest by the North Boundary Thrust Fault, on the west by normal
faulting and to the south by the Blue Hills and Ponkapoag Thrust
Faults (Figure 2). To the southwest, intricate thrusting and tight,
east plunging folds complicate the margin. The eastern margin of the
basin is beneath Massachusetts Bay (Billings, 1976). Topographically
the basin is bounded by low hills to the north, west, and south,.

The basin is a structurally bounded depression in Precambrian basement
filled with younger Mississippian and Peunnsylvanian rocks (LaForge,
1932; Billings, 1976 and Kaye, 1980). At the southwest margin of the
basin, the Precambrian basement outcrops in the cores of northeast
plunging anticlines. To the south, between the Ponkapoag and Blue
Hills Thrust Faults, the basin is intruded by the peralkaline Blue
Hills Complex of Cambrian-Devorian age. The Blue Hills complex
includes the Quincy Granite and other felsic intrusions. In the
southwest portion of the basin, altered felsic and basaltic volcanics
of the Mississippian Mattapan Complex are exposed. Volcanics of
similar composition assigned to the Mississippian Lynn Complex are
exposed north of the Northern Boundary Fault. Both volcanic complexes
crosscut the Precambrian basement and are included as clasts in the
Pennsylvanian Boston Bay Group (LaForge, 1932).

The Boston Bay Group consists of two formations, the lower Roxbury
conglomerate and the upper Cambridge Argillite. LaForge (1932)
subdivided the Roxbury Congolomerate into three members, the Squantum,
Dorchester, and Brookline members. In general, the Roxbury
Conglomerate outcrops south of the Charles River over the southern
portion of the basin, and the Cambridge Argillite outcrops north of the
Charles River.

The Cambridge Argillite is typically a varved or rhythmically layered,
indurated siltstone. Beds range in thickness from 0.1 to 8 cm, and

vary from dark gray clay to silt-rich layers to light gray very fine
to fine-grained sand layers. Graded beds, cross beds, ripple marks,

and slump structures are observed.
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2.3 Structural Geology

The internal structure of the Boston Basin consists of a series of
broad folds, plunging gently to the northeast or east (Billings,
1976). The AMTL facility is located on the axis of the Charles River
Syncline (Figure 2). Most of the fault zones in the basin, including
the bounding thrust faults, trend east-northeast. The only major
exceptions to this are the Stony Brook Fault and an unnamed fault at
the southwest margin of the basin, which are both normal faults and
trend north-northeast and north-northwest, respectively. The Stony
Brook Fault is mapped from Fresh Pond, approximately two miles east of
the AMTL, south-southwest for approximately 20 miles.

2.4 Quarternary Geology

Numerous glacial advances and retreats in the vicinity of the Boston
basin from 2 million years to 12,000 years ago have left a complex
stratigraphic sequence of till, clay, and gravel. 1In general, the
Quaternary aged deposits in the Boston Basin consist of (in ascending
order) a basal till overlaying the bedrock, 0 to 70 feet thick, a
marine clay, 0 to 60 feet thick, and outwash deposits of sand and
gravel, 0 to 50 feet thick. General properties of the basal till and
outwash deposits for the Boston area are summarized in Table 1.

AN Arthur D. Little, Inc.
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3.0 SITE GEOLOGY

3.1 Site ILocation

The Army Materials Technology Laboratory is located in Watertown,
Massachusetts, on the north bank of the Charles River (Figure 1.) The
site and surrounding area is generally flat, decreasing in elevation
(National Geodetic Vertical Datum, 1929) from approximately 36 feet
at the north to approximately 2.4 feet river elevation at the south
(Figure 3). Almost the entire AMTL facility is situated on a low
bluff, approximately 20 to 28 feet.

The present AMTL facility covers approximately 47.5 acres bounded by
Arsenal Street on the north, North Beacon Street to the south,
commercial property to the west, and a park to the east. The 55
acres immediately to the east of the present facility were part of
the AMTL prior to 1968. This area now accommodates a park, a
condominium complex, and retail stores (the Arsenal Mall). North of
the facility there are commercial and light industrial properties. To
the south, between North Beacon Street and the Charles River, are
approximately 11 acres of former AMTL property which now accommodate a
marina and park. '

There are no known streams or natural drainages emptying to the
Charles River in the vicinity of the AMTL. All surface run-off is
collected in the storm drain network and discharged to the river.

The locations of the holes bored at AMTL during this study are shown
in Figure 4. Two geologic cross sections, oriented approximately
northwest-southeast are presented in Figures 5 and 6. The boring logs
are found in Appendix A.

3.2 Bedrock Geology

The AMTL facility is underlain by siltstone of the Pennsylvanian
Cambridge Argillite. The siltstone was encountered at a depth of 61.5
feet in hole COl, at the northwest corner of the facility. At this
location, the siltstone was very finely laminated with dark bluish
gray silt to clay beds and light bluish gray, very fine to fine
grained sandy graded beds.

Occasional tensional fractures of approximately one to two inches in
length were filled with quartz. Only a few fractures parallel to
bedding and most cutting bedding contained thin films of red brown
iron oxide which suggests a pre-existing open network of fractures
which allowed circulating groundwater to oxidize, transport and
redeposit iron. Most fractures were parallel to bedding (about 30° to
45° to core axis) and may have resulted from drilling since they
contain no iron oxide film.

/D Arthur D. Little, Inc.
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Observation of joints in a nearby outcrop, approximately 1% miles
southwest of the facility, indicates three broad orientations:

(a) parallel to bedding, oriented approx1mately east-west, dipping
about 20-30° south;

(b) a dominant set, oriented north-northeast, dipping nearly
vertical; and

(¢) parallel to sheer zones, oriented east-northeast.

The north-northeast joint orientation is also that generally followed
by felsic dikes in the Boston Basin (striking N15-45°E, dipping
60-90°) and the Stony Brook Fault. .

3.3 Quaternary Geology

Based on drilling (Figures 5 and 6) and a seismic refraction survey,
approximately 45 to 120 feet of Quaternary sediments have been
deposited over the Cambridge Argillite bedrock at the AMTL. While the
precise stratigraphy varies from hole to hole, a generalized ascending
sequence consists of a basal till of fairly cohesive, silt rich
gravel; a moderate to well sorted olive brown, silty, fine-grained
sand; a medium to coarse-grained brown sand, locally grading to about

30% gravel; locally a sandy peat; and finally, fill material or
disturbed sand and gravel.

3.3.1 Basal Till

The basal till was encountered in only two holes on site, COl and CO3
and penetrated only in COl. 1In COl, the till was only six feet thick
and consisted of round to subround cobbles of granite and felsic
volcanics and subangular fragments of argillite. No split spoon
samples were obtained in the till in COl because of refusnl, so the
composition of the matrix is not known. 1In C03, the till consisted of
a gray green silt rich gravel with angular decomposed rock fragments
and medium to coarse-grained sand. While the exact thickness of the
till is not known at the location of CO03, based on the depth of
bedrock estimated from the seismic refraction profile, it would appear
to be approximately 25 feet thick. 1In drilling previously completed
to gather geotechnical data for foundation design, the till was
encountered in a hole approximately 200 feet west of MO3 at a depth of
76 feet. The till was described as a dense brown clayey silty sand
with gravel.

3.3.2 Silty Sand

The silty sand is found across the site and is usually comprised of a
moderate to well sorted, very fine to fine-grained sand, with a
silty-clayey matrix, commonly laminated. 1Its thickness ranges from
approximately 10 feet in CO3 to 50 feet in CO0l. It does not
appear to be encountered in MO7 or MO8 and is thinnest in C03, so it

13
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may pinch out eastward. Since it was penetrated only in these two
holes, it is not possible to make any conclusions regarding systemic
variations in thickness. The silty sand probably represents a distal
outwash deposit in a lacustrine environment.

3.3.3 Medium to Coarse Sand/Gravel

The medium to coarse-grained sand/gravel unit is highly variable in
textural composition and is not found over the entire site. Where
encountered, it lays above the silty sand and is overlain by fill and
disturbed sands and gravels. It was not encountered in the northwest
corner of the facility (Figure 5) and seems to grade from a medium to
coarse-grain, well sorted, brown sand in the west portion of the
facility to a yellowish brown, poorly sorted, gravel (30-40% pebbles
and cobbles) with a poorly sorted, fine to coarse-grained sand matrix
to the east. It ranges in thickness from absent to more than 35 feet,
but averages approximately 10 feet. It is sometimes difficult to
distinguish the gravel from disturbed or fill material, but in most
cases the fill gravels were grayish brown and contained exotic debris
such as brick, slag, concrete, and ceramics. The sand/gravel deposits
probably represent fluvial (glacial meltwater) deposits.

3.3.4 Peat

In CO3 at the southeast corner of the facility (Figure 6), a sequence
of organic rich sand and sandy peat was encountered. This is the
lowest portion of the AMTL (11.9 feet), about 9 to 10 feet above
normal Charles River elevation. The sandy peat probably represents a
flood plain wetland deposit and consisted of grayish brown woody plant
fragments and silty fine sand. When exposed to air, the peat gave off
a sulfurous odor and immediately oxidized to a black brown color.
Peat was not encountered in M1l or M06, the other low elevation hole
locations. Examination of the cross section of Figure 5 suggests that
any peat that may have been deposited at that stratigraphic elevation
would have been eroded by the deposition of the coarse sandy gravels
which may represent a flood deposit.

3.3.5 Fill and Surficial Soils

Fill at the AMTL facility is variable in distribution and thickness
but is generally less than 20 feet. Usually the fill consists of
poorly sorted sandy gravel, grayish brown in color. It commonly

contains exotic debris such as brick, slag, concrete, and ceramics

which can be used to distinguish it from the underlying fluvial
gravels.

The surficial soil at the AMTL is classified as Merrimac gravelly sand
loam. It consists of 6 to 10 inches of dark brown gravelly sandy loam
overlying 15 to 25 inches of yellow brown, friable gravelly sandy
loam. The soil has been repeatedly disturbed during the history of
the AMTL by various construction activities.

14
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Depth from surface to bedrock was estimated across the site using
three seismic refraction profiles (Figure 7). The results of these
three profiles, shown in Figure 8, indicate a generally, gently
undulating surface. The east-west profile shows a bedrock surface
varying from 47 feet (below surface) at the northwest corner of the
facility, falling off to about 110 feet and then rising to 90 feet at
the northeast corner. The north-south profiles show a decrease in
depth from 120 feet at the north to about 65 feet at the south. Based
on the east-west seismic refraction profile bedrock at location CO1l
was predicted at 57 feet. The actual depth was 61.5 feet indicating
very good agreement. The two profiles at the southeast corner of the
facility which show a bedrock surface rising toward the Charles River,
show no evidence of the Charles Buried Valley which is reputed to
border the south margin of the facility (Figure 9).

3.4 Hydrology

3.4.1 Surface Water

Surface water run-off and natural drainage at the AMTL has been
greatly influenced by modifications made to the natural land surface
by construction of various structures and paved areas such as roads
and parking lots. Watertown, in the vicinity of the AMTL, is heavily
developed. The nearest pond, Sawins Pond, is approximately 3,000 feet
east of the AMTL. The Charles River, one of the primary drainages in
the Metropolitan Boston area, borders the site to the south. There are
no known streams or other natural drainages to the Charles River in the
vicinity of the AMTL. Current surface drainage is dominantly to the
storm sewer system which discharges 'into the river. Some natural
run-off will follow topography toward the river. Natural recharge
through seepage is probably quite minimal in the vicinity of the AMTL
because of the number of structures and paved areas.

3.4.2 Groundwater

Characterization of groundwater hydraulics at the AMTL is based on 17
borings and 16 monitor wells installed at the site during May and June
of 1988. Water level measurements were taken and in situ
permeabilities measured by falling and rising head tests.

Based on water level measurements taken at all wells and the Charles
River on July 13, 1988 (Table 2), groundwater contours were estimated
(Figure 10). These contours indicate flow is generally to the south,
toward the River. In the northeast corner of the site, flow is to the
southeast initially and then swings around to the south. Using the
contours shown in Figure 10, gradients were estimated. Across the
west portion of the site, the gradient was 0.025 (south). At the
north central portion of the site, the gradient was 0.03 (southeast)
but to the south decreases to 0.003, At the east margin of the site,
the gradient was 0.003 (south).

15
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TABLE 2. GROUNDWATER SURFACE ELEVATIONS ON JULY 13, 1988

Elevation of Well* Water Depth¥#* Water Elevation

Monitor Well (Feet, M.S.L.) — (Feet) _ _(Feet, M.S.L.)
co2 37.49 31.63 5.86
co3 11.90 - 8.45 3.45
MOl 24.98 7.56 17.42
MO2 24.04 10.49 13.55
MO3 36.63 23.75 12.88
MO4 36.52 29.19 7.33
MO5 15.93 10.82 5.11
MO6 11.96 8.15 3.81
MO7 34.84 29.67 5.17
M08 %2.48 33.70 5.78
MO9 37.03 16.77 20.26
MO10 32.86 11.00 21.86
MO1ll 11.01 6.17 4.84
MO12 38.52 32.14 6.38
MO13 35.30 13.19 22.11
MO1l4 35.49 17.19 18.30

*Elevation of well is ground surface because of flush mount.
**Depth below ground surface.

19
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4.0 METHODOLOGY

4.1 Geotechnical Approach

As a preliminary step in conducting a remedial investigation and
feasibility study, EG&G Idaho, Inc., completed a preliminary
assessment/site inspection (PA/SI) at the facility (EG&G, 1988). The
PA/SI consisted of (1) reviewing historical records and conducting
interviews to determine past practices and their potential impact on
the environment, (2) wipe sampling of building interiors for
radionuclide monitoring, and (3) a shallow soil gas survey to identify
areas of potential volatile organic contamination.

The PA/SI review of historical records and interviews revealed that
because of past practices, the following contaminants might be present
in soil or groundwater:

(a) depleted uranium (DU);

(b) chlorinated solvents;

(c) a wide variety of toxic organic compounds used as reagents
in organic synthesis and fiber epoxy composite manufacturing;

(d) a wide variety of toxic inorganics such as lead, beryllium,
cadmium, mercury, nickel, chromium, and cyanide; and

(e) hydrocarbons including fuels, cutting, quenching, and heat
transfer oils.

The shallow soil gas survey was conducted by Tracer Research
Corporation (EG&G, 1988). Samples of soil gas were taken at depths of
1 to 20 feet with most samples in the range of 3 to 5 feet. The
samples were analyzed in the field on a gas chromatograph with an
electron capture detector for chloroform, 1,1,1-trichloroethane (TCA),
carbon tetrachloride, trichloroethylene (TCE), and perchloroethylene
(PCE), and on a gas chromatograph with a flame ionization detector for
benzene, toluene, and xylene.

The soil gas survey revealed coincident TCA and benzene contamination
along the edge of the AMTL at the northwest corner of Building 311.
The highest concentrations were 425 mg/l TCA and 24 mg/l benzene in
the vicinity of M13. Other areas of low level benzene contamination
<1 mg/l are found in the center of the facility near MO3 and along the
southeast margin between M1l and MO6.

Based on the information obtained in the PA/SI, monitor well and core
hole locations were selected by EG&G. The locations selected are
shown in Figure 4, and the rationale for selecting each location is
summarized in Table 4.
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TABLE 4. SELECTION CRITERIA FOR MONITOR WELL LOCATIONS
(EG&G IDAHO, INC.) -

Well No.
MO1

MO2

MO3

MO4
MO5

MOé
MO7
MO8

M09

M10

M13

M14
co1

co02
co3

A\ Arthur D. Little, Inc.

Rationale
Downgradient perimeter

Downgradient perimeter, downgradient of
analytical chemistry lab (292)

Low concentration benzene contamination

Possible fill area, cinder and ash from
coal fired plant

Downgradient of bulk fuel o0il tanks
documented spills

Downgradient perimeter
Eastern perimeter
Eastern perimeter

Upgradient perimeter, underground fuel
tanks, DU facility

Upgradient perimeter

Upgradient perimeter, coincident TCA and
benzene contamination

Downgradient of waste storage area
Core holes situated to develop information

on depth to and nature of bedrock across
site

24




4.2 Drilling Techniques

Sixteen holes were augered in overburden and one hole cored into
bedrock and abandoned. All drilling and well construction was
performed by GZA Drilling, Inc., of Brockton, Massachusetts. Holes
were drilled with a CME 75 or CME 55 drill rig using an 8%" hollow
stem auger to a completion depth of approximately 10 feet below the
water table. Soil samples for logging purposes were obtained every 5
feet using a 2 inch I.D. split spoon. Soil samples for chemical
analysis and physical testing were taken at specified depths.

The hole cored into bedrock, C0l, was drilled by advancing 10 inch
I.D. hollow stem augers to the water table, spinning 8 inch casing to
refusal (top of basal till), and coring through the till, casing with
4 inch casing and coring 15 feet into bedrock using diamond surface
set bit with a 3 inch core barrel. Water was used during coring and
recirculated from a settling tank. Because of the low hydraulic
conductivity measured for the bedrock during a pressure packer test,
it was decided by EG&G Idaho, Inc., upon Arthur D. Little'’s advice,
not to install a monitor well and COl was abandoned. All casing was
removed and the hole was grouted to surface using cement.

The drill rigs and all equipment were steam cleaned at GZA Drilling’'s
Brockton shop prior to arrival on site, upon arrival at the site,
after completion of each hole, and prior to leaving the site. A steam
cleaning area adjacent to the hydrant used as a water source was set
up using heavy mil plastic, forming a lip to contain the water. Water
was pumped into 55 gallon drums and labeled "steam cleaning water" for
later disposal.

4.3 Borehole logging

Boreholes were logged by geologists from Weston Geophysical Corporation
under the supervision of Arthur D. Little, Inc. Required information
was noted in ink on the boring logs and included depth, sample
intervals, recovery, blows per 6 inch in advance of the split spoon,
and a geologic description of cuttings and split spoon samples. Soils
were described as to color using the Geological Society of America
Rock Color Chart (Munsell System). Textural classification was
performed according to the Unified Soil Classification System. Boring
logs are found in Appendix A.

The rock core from COl was logged by Weston and Arthur D. Little

geologists, photographed, and placed in wooden core boxes to be stored
at the AMTL.

4.4 Sampling

Soil sampling for geological logging, chemical analysis (Table 5), and
physical testing (Table 6) was done by Weston geologists supervised by
Arthur D. Little personnel. Water sampling of the monitor wells was
done by Arthur D. Little personnel. Details of the sampling and

25
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decontamination methodologies are presented in Arthur D. Little's
Sampling Plan. (Arthur D. Little, 1988)

4,4.1 Geological Soil Samples

Geological samples were taken every 5 feet, when possible, using a
standard 2 inch 0.D. split spoon. A standard 140 pound weight was
dropped 30 inches to advance the split spoon. Split spoons were
decontaminated between use by brushing and rinsing with tap water.
Samples were logged and placed in 2 inch diameter, clear glass jars,
and stored at the AMTL. All geological samples and drill cuttings
were monitored using an HNU PI-101 meter for volatile organic
compounds and for radiation using a pancake Geiger-Muller probe and a
Nal gamma detector.

4.4.2 Soil Samples for Chemical Analysis

Soil samples were taken for chemical analysis at predetermined depths
in each hole for a set of predetermined analytes (Table 5). Samples
were taken using standard 2 and 4 inch 0.D. stainless steel split
spoons. Samples were placed in jars and vials supplied by Metatrace,
(the analytical services contractor), labeled, sealed, and stored in
ice in insulated coolers. Decontamination of the split spoon and
associated sampling equipment consisted of:

(a) non-phosphate detergent wash;

(b) triple rinse with tap water;

(¢) rinse with pesticide-grade hexane;

(d) rinse with deionized, distilled water;
(e) -wrap in aluminum foil.

As with the geological soil samples, the soil samples taken for
chemical analysis were screened for volatile organic compounds using
an HNU PI-101 meter and for radiation using a Geiger-Muller pancake
probe and a Nal gamma detector.

A chain-of-custody form was completed and the samples shipped by
Federal Express to Metatrace, Earth City, Missouri for analysis.

4.4.3 Soil Samples for Physical Analysis

Soil samples were taken for physical analysis at the intervals shown in
Table 6. Samples were taken using a 2.875 inch I.D. Shelby tube in
compressible soils and a 2 inch 0.D. standard split spoon in
incompressible soils. Shelby tube samples were sealed in the tube
with paraffin. Samples taken with a split spoon were placed in 2 inch
diameter clear glass bottles. Physical analyses were performed at
Goldberg Zoino Associates, Inc., Newton, Massachusetts soil
laboratory.

: 27
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4.4.4 Vater Samples for Chemical Analysis

Water samples were taken from each monitor well for chemical analysis.
Prior to sampling the well, the air space was monitored for volatile
organic compounds using an HNU PI-101 meter. A water level
measurement was made using a Solinst (Model 101) electrical
conductivity water level meter. To purge the well, five well volumes
of water were removed using a Robin EY25W submersible or Meyer pump.
Before each well volume of water was removed, pH, conductivity, and
temperature were measured. Purge water was placed in 55 gallon drums
and labeled for later disposal. Water samples were taken using a
Teflon bailer and placed in bottles supplied by Metratace, preserved
as necessary, sealed, labeled and stored in ice. Samples of water
submitted for dissolved metal analysis were filtered using a 0.45
micron Sample-Pro FF8100 filter and preserved with HNO,. A
chain-of-custody form was completed and the samples shipped to
Metatrace, Earth City, Missouri for analysis. Copies of these forms
are found in Appendix I.

Teflon bailers were decontaminated between wells by the following
procedure:

(a) non-phosphatic detergent wash;

(b) triple rinse with tap water;

(c) 10% HNO, rinse;

(d) triple rinse with tap water;

(e) double rinse with pesticide-grade hexane;
(f) rinse with deionized, distilled water;
(g) wrap in aluminum foil.

Calibration techniques and frequencies for the pH-conductivity meter
and thermometer are detailed in the Arthur D. Little, Inc., Sampling
Plan.

4.5 Well Installation

Sixteen of 17 borings at AMTL were completed as monitor wells by GZA
Drilling, 1Inc., under the supervision of Weston Geophysical
Corporation and Arthur D. Little, Inc.

4.5.1 Technique

Wells were constructed of casings and screens consisting of 4 inch,
flush-threaded schedule 40 Polyvinyl Chloride (PVC) pipe. The
screened interval was constructed using 10 foot, 0.10 inch slotted PVC
screen extending from 2 feet above to 8 feet below the water table, as
observed at the time the hole was drilled.

29
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The granular filter pack extended no more than 5 feet above the top of
the screen. Five feet of bentonite pellets were placed above the
granular pack. The remainder of the annular space was filled with
bentonite grout to within 5 feet of ground surface. After the
bentonite grout settled, the hole was sealed from surface to
approximately 5 feet with concrete. The concrete had the following
specifications:

(a) maximum aggregate size of 3/4 inches;
(b) comprehensive strength of 3000 psi at 28 days; and
(¢) six inch maximum slump.

Prior to installation, all well materials (casings, screen caps) were
steam cleaned. All casing joints were threaded and no solvent, glues
or thermal welding procedures were used to join well casing materials.

Wells were completed by cutting the 4 inch PVC casing off
approximately 6 to 12 inches below grade, installing a 4 foot long, 6

5/8 inch diameter steel protective casing with locking cap over the PVC

casing (about 3 inches below grade) and finishing with a 13 5/8 inch

diameter gasketed manhole (1 inch above grade) set in cement (Figure

11). Sand was placed above the grout, below the concrete to drain any
water that might enter the annular space between the PVC well casing

and the steel protective casing.

Some wells (MO1l, MO2, MO5, MO6, M10, M1l, M1l3, and Ml4) were
sufficiently shallow that the grouted interval was omitted. The
surficial cement seal rests directly on the bentonite pellet seal in
these wells. Details of individual well construction are documented
on the well construction forms in Appendix B.

4.,5.2 Materials

PVC Casing and Screen. Casing and screen used consisted of 4 irch
flush threaded schedule 40 polyvinyl chloride (PVC) pipe conforming
to the National Sanitation Foundation Standard 14 bearing a rating
logo for potable water use. The screen was machine slotted 0.010
inch. All casing and screen were steam cleaned by the manufacturer
and wrapped in plastic. The casing and screen were supplied by
Diedrich Drilling Equipment, Inc., of LaPorte, Indiana.

Granular Filter Pack. The granular filter pack consists of silica
sand (Mystic White Pool Filter Sand) supplied by U.S. Silica Company,
Ledyard, Connecticut. The size distribution is shown in Figure 12.

Bentonite. Bentonite (Quik-Gel) supplied by NL Baroid/NL Industries
was used in the grout formulation. It consists of finely ground
sodium bentonite. Bentonite pellets (Bentonite PI Pellets 3/8 inch)
supplied by Piezometer Research and Development, Bridgeport,
Connecticut, were used as a seal above the sand pack.
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MONITORING WELL MANHOLE COVER ASSEMBLY
WITH RUBBER GASKET MODEL 65-1212
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FIGURE 11. WELL COMPLETION (MANHOLE-TYPE)
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Bentonite Grout. Grout used in well construction consisted of 20
parts Portland cement (Type II or V), 1 part bentonite, and a maximum
of 8 gallons of water per 94 pound bag of cement. Grout was placed in
the annular space above the bentonite seal to within 5 feet of the
ground surface by tremie pipe method.

Drilling Water. Water used during the drilling program was obtained
from a fire hydrant at the AMTL. Water is supplied to the hydrant by
the Massachusetts Water Resources Authority from the Norumbega,
Weston, and Spot Pond Reservoirs. The water was sampled and analyzed
for sulphate, chloride, metals, volatiles, and semivolatiles.

4.6 Well Development

All wells were developed no sooner than 48 hours after well
construction but prior to seven days. The wells were developed by
removing at least five well volumes based on the volume of water in
the well casing and screen and the saturated well annulus assuming 30
percent porosity. 1In some situations, as M13, more than five volumes
were removed to obtain clear water. Conductivity and pH were also
monitored prior to, during and after development to document
stabilization of these parameters. Pumping was done using a 4 inch
Robin EY25W submersible pump or a Meyer surface pump with plastic
hose. Development water was placed in 55 gallon drums, labeled, and
stored for disposal. Well development was done by personnel from GZA
Drilling, Inc., Weston Geophysical Corporation, Arthur D, Little,
Inc., and EG&G Idaho, Inc. Details of well development for each well
are documented on forms found in Appendix C.

4.7 Geophysical Surveying

Three geophysical surveys were conducted at the AMTL:

(a) a ground penetrating radar survey to locate buried utilities
at potential monitor well sites;

(b) a refraction seismic survey to map depth to bedrock and
provide information on stratigraphic correlation; and

(c) a borehole geophysical survey in COl and CO03 to
provide information on stratigraphic correlation.

The ground penetrating radar and seismic refraction surveys

were performed by Weston Geophysical Corporation and the borehole
geophysical surveys by Appalachian Coal Surveys, Pittsburgh,
Pennsylvania, under the supervision of Weston Geophysical Corporation.

4.7.1 Ground Penetrating Radar Survey

A ground penetrating radar survey of the initially proposed monitor
well and borehole locations at the AMTL was conducted to identify and
locate buried wutilities present, such as ele;trical conduits,
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telephone conduits, and piping. It was not intended to provide any
geological information. Ground penetrating radar is an
electromagnetic survey technique that reveals a graphic
cross-sectional view of layered material below the ground surface. It
is an echo-ranging technique similar to the single-trace reflection
method commonly used in marine bottom profiling in which reflective
layers are traced by echo patterns generated in response to acoustic
impulses, The two techniques differ in that the acoustic method uses
audio frequency sound waves transmitted through a water medium to the
material under investigation. The radar method transmits, directly to
the surface, impulses of radio waves at frequencies up to a 1000
megahertz.

In a radar system, high-frequency impulses of radio energy are
generated by the transmitter. A beam of these impulses is emitted by
a special antenna placed in close proximity to the ground so that it
couples electromagnetically to the surface material. Each impulse
propagates downward through the ground surface and into the material
below. At interfaces, part of the signal is reflected while part is
transmitted still deeper to be reflected by other layers or isolated
bodies. For each impulse transmitted, a string of reflected impulses
is returned to the antenna in a time sequence proportional to the
round-trip travel time to each reflector. After transmitting the
outgoing pulse, the system instantly switches from the transmitter to
the receiver in order to detect the echo signals. When operated in
the field during data acquisition, a graphic recorder provides an
immediate view of the data.

Ground penetrating radar surveys are carried out by pulling the
antenna slowly along a pre-measured survey line. Radar impulses are
transmitted synchronous with a swept-stylus type graphic recorder.
The recorder stylus sweeps across the paper at a uniform speed and
echo signals cause the paper to be darkened at points proportional to
the total travel time to the reflector producing the echo. The
recorder detects the presence of an echo whenever the signal level
exceeds a preset threshold. The pattern of darkened regions on the
paper marks the reflective horizons in the earth. The distance shown
on the recorder paper to any reflector is proportional to its depth
below the path of the antenna.

Accurate determination of the depth to any layer requires calibration
of the radar system. The depth to an identified reflector such as a
pipe, a barrel or a geologic feature, is the most direct and easiest
method available for vertical scale calibration.

Depth of penetration in a given material is limited by attenuation of
the signal. Attenuation is a function of dielectric loss and of
electrical conductivity loss which, in a given material, will vary
with the amount of water, dissolved salt, temperature, density, and
frequency of the radar impulses. Penetration of up to 75 feet has
been reported for water saturated sands in Massachusetts glacial
sediments. Wet clays, however, will attenuate the signal within five
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feet. It is important to note that in a layered material a single,
highly reflective layer alone can limit penetration by preventing the
propagation of energy past it. 1In this case, apparent loss of energy
is caused by reflection rather than by dissipation.

4.7.2 Seismic Refraction Survey

The seismic refraction survey method is a means of determining the
depths to 'a refracting horizon and the thickness of major seismic
discontinuities overlying the high-velocity refracting horizon. The
seismic velocities measured by this technique can be used to calculate
the mechanical properties of subsurface materials as well as for
material identification and stratigraphic correlation.
Interpretations are made from travel time curves showing the
measurement of the time required for a compressional seismic wave to
travel from the source (shot) point to each of a group of vibration
sensitive devices (seismometers or geophones). The geophones are
located at known intervals along the ground surface. Various seismic
sources may be used, including a drop weight, an air gun, and small
explosive charges.

Weston Geophysical Corp. used a seismic recording technique of
continuous profiling and overlapping spreads. The seismic refraction
equipment consisted of Weston Geophysical trace amplifier, Model
USA780, with a WesComp field computer system developed by Weston
Geophysical and a recording oscillograph. 1In general, shots were
located at each end and at the center of the seismic spread. A 1,000
pound drop hammer was used as a seismic energy source. Geophone
spacings of 10 and 20 feet were used.

Continuous profiling was accomplished by having the end shot-point of
one spread coincident with the end or intermediate position shot-point
of the succeeding spread. The spread length used was determined by the
required depth of penetration to the refracting horizon. It is
generally possible to obtain adequate penetration when the depth to
the refracting horizon is approximately one-third to one-quarter of
the spread length.

The seismometer or geophone is in direct contact with the earth and
converts the earth motion resulting from the shot energy into electric
signals; a moving coil electromagnetic geophone is generally used. This
type of detector consists of-a magnet permanently attached to a spiked
base which can be rigidly fixed to the earth’s surface. Suspended
within the magnet is a coil-wrapped mass. Relative motion between the
magnet and coil produces an electric current with a wvoltage
proportional to the particle velocity of the ground motion.

The electric current is carried by cable to the recording device which
provides simultaneous monitoring of each of the individual geophones.
The operator can amplify and filter the seismic signals to minimize
background interference. For each shot the seismic signals detected
by a series of geophones are recorded on either photographic paper or
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magnetic tape, depending on job requirements. Included on each shot
record is a "time break" representing the instant at which the shot
was detonated.

The elastic wave measured in the seismic refraction method, the "P" or
compressional wave, is the first arrival of energy from the source at
the detector. This elastic wave travels from the energy source in a
path causing adjacent solid particles to oscillate in the direction of
wave propagation. At small distances between source and detector, the
first arriving waves will be direct waves that travel near the ground
surface through the lower velocity material. At greater distance, the
first arrival at the detector will be a refracted wave that has taken
an indirect path through the two layers. The refracted wave will
arrive before the direct wave at a greater distance along the spread
because the time gained in travel through the higher-speed material
compensates for the longer path. Depth computations are based on the
ratio of the layer velocities and the horizontal distance from the
energy source to the point at which the refracted wave overtakes the
direct wave.

Generally, the interpretation is by one or more of several methods
such as ray-tracing, wave front methods, delay times, critical
distances (W. M. Telford, et al., 1976). 1In addition, either a
forward or inverse interpretation was performed using Weston's
proprietary software. Since successful refraction interpretation is
based on experience, all interpretation of refraction data were
performed or thoroughly reviewed by a senior staff geophysicist.

4.7.3 Borehole Survey

Methods and Equipment

The boreholes at AMTL were logged by Appalachian Coal Surveys of
Pittsburgh, Pennsylvania. Their equipment consisted of a truck
mounted borehole logging system manufactured by Well Reconnaissance
Inc., (now MLS, Inc.) of Fort Worth, Texas. All tools were less than
1-1/2 inches in diameter and enclosed in stainless steel housings.
The logging cable used was 3/16 inch diameter, stainless steel, wire
wrapped, four conductor and chemically stable. The following tests
were run when possible:

(a) caliper

(b) mnatural gamma

(c) high resolution, short-spaced gamma-gamma density
(d) 1long-spaced gamma-gamma density

(e) neutron

(f) fluid conductivity

(g) spontaneous potential

(h) temperature

(i) wall resistivity
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Resolution for each method is given in Table 7. Copies of the
borehole logs are found in Appendix F.

The primary assumption made in borehole geophysical logging is that
the measured properties are representative of the formation and that
they are made in undisturbed material. This assumption is not always
valid due to the fact that the radius of investigation (depth of
penetration into the formation) of the tools may vary with the
physical properties of the formation. However, good correlation was
found between geophysical logs, sample logs, and well completion
diagrams at the AMTL site.

Caliper

The caliper log uses a three-arm caliper to measure variations in hole
diameter. It is only run in an uncased hole. :

Natural Gamma

The natural gamma log uses a gamma ray detector to measure the gamma

energies emitted by naturally occurring uranium, thorium and potassium
(K%%)., Generally, a gamma detector sensitive only to the narrow ban

of energy (1.46 Mev for K4°) is used to distinguish potassium which is
a common constituent of illitic-clay minerals, alkali feldspars, and

micas. It is used to correlate shales and clay-rich sediments.

GCamma-Gamma Density

The gamma-gamma density logs measure in situ density using two sondes.
The bottom sonde uses a concentrated source of monoenergetic gamma
rays (Am 241 and Ra 226). The upper sonde, approximately 18 inches
above the source uses a Geiger or scintillation detector. The source
is shielded from the detector which only detects gamma rays which have
travelled through the rock. Because of interaction with the rock, the
detected level of gamma intensity is exponentially related to rock
density. For a short source-detector separation, adjacent beds and
bed thickness have little effect. However, the thickness and density
of drilling muds or bentonite will affect the short-spaced log.
Greater source-detector separation can be used to overcome mud and
bentonite thicknesses.

Neutron

Neutron logs measure porosity by determining the amount of hydrogen,
and therefore fluid, filling formational pore spaces. Neutrons
emitted from an Am-Be source collide with hydrogen nuclei and are
slowed to thermal energy. They may then be captured by other nuclei
which emit capture gamma rays. Either capture gamma rays or thermal
neutrons may be detected and measured. In large diameter holes with
significant mud build-up (or annular bentonite in a well) the results
may be less accurate.
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TABLE 7. BOREHOLE GEOPHYSICAL LOGGING

Primary Area Vertical

Technique of Investigation Resolution (ft)

Caliper B Hole Diameter
<.25 inch

Natural Gamma F 1.5
Gamma - Gamma . C 0.25
(High Resolution)
Gamma-Gamma Density F 1.0
Neutron F 1.5
Fluid Conductivity B N/A
Spontaneous Potential F 0.5
Temperature B N/A
Wall Resistance B 0.25

F = Formation
B = Borehold
C = Well Construction

Source: Weston Geophysical Corporation
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Fluid Conductivityvy

The fluid conductivity of a formation can be determined by measuring
the conductivity of the pore fluid which contains dissolved salts
which disassociate into cations and anions. The sonde uses a direct
current voltage applied between two electrodes and measures the
potential between two potential electrodes. The accuracy of the
method decreases when the formations adjacent to the hole are
infiltrated by drilling muds or bentonite. '

Spontaneous Potential

The spontaneous or self-potential method measures the potential across
a lithological contact. For instance, a clay or shale is permeable to

'Na' cations but not to Cl anions. Consequently, a potential develops

at the boundary of a clay (shale) and sand as Na cations pass into
the shale and Cl  anions increase in concentration in the sand.
Instrumentation consists of a potentiometer connected to a downhole
and surface electrode. It can only be used in uncased holes.

Temperature

Temperature of the well water is recorded using a thermocouple.

Wall Resistivity

Wall resistivity is measured using a sonde with electrodes that are in
continuous contact with the wall. It provides some correlation with

porosity since it is sensitive to the thickness of drilling muds and

bentonite, which cannot infiltrate impermeable units. It can only be

used in uncased holes.

4.8 Topographic Surveying

The surface elevation and coordinates of all monitor wells were
determined by Design State Survey, Medford, Massachusetts.
Coordinates were measured in the Massachusetts State Coordinate
(Mainland) System to 1/100 of a foot. Elevations were measured
relative to the National Geodetic Vertical Datum of 1929 to 1/100 of a
foot. All data exceeds the contract specifications of horizontal
control of * 3 feet and vertical control of * 0.05 feet. The survey
instruments used were a Wild T-1000 transit and a Wild DM-1000
distance measuring device.

4.9 Aquifer Tests

Tests to determine in situ hydraulic conductivity were conducted in
all borings. 1In COl, the bedrock portion of the hole was isolated
with an inflatable packer and a pressure test was conducted. In
all other holes, a metal slug was used to conduct falling and rising
head tests. All of the tests were designed and supervised by
hydrologists from Weston Geophysical Corporation. Field data and
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plots of recovery versus time for each well are found in Appendix E.

4.9.1 Packer Test in CO1

A single packer (St. Lawrence) test was used to evaluate the hydraulic
conductivity of the Cambridge Argillite penetrated by hole COl. The
packer consisted of 10 foot long 15/16 inch interior diameter pipe
sections leading through an expandable rubber bladder (packer). The
packer sealed off the section of the corehole to be tested and was
inflated with compressed air supplied from the surface. The pipe was
perforated below the packer to allow water supplied from the surface
to flow into the borehole and the surrounding formation. The
equipment layout is shown schematically in Figure 13.

After checking the accuracy of the water flow meter and water pressure
gauge and measuring the water depth in the borehole, the packer and
water pipe were placed in the hole. The packer was inflated at 68
feet, 7 feet below the bedrock surface, to isolate the bottom of the
hole from any weathered fractured rock at the top of bedrock which
would allow hydraulic communication with the overlying glacial till.
Tests were conducted at 10, 21, 35, and 51 p.s.i. During each test,
the change in water flow was recorded every 30 seconds for 5 minutes.

After conducting the four tests, the hydraulic conductivity was
calculated.

Hydraulic conductivity was calculated from the formula given in Earth
Manual, page 576 (United States Bureau of Reclamation, 1974):

K = 0 x 1In (L/R)
2n1H

where K = hydraulic conductivity (gallons/minute/ftz)

= constant rate of flow into the hole (gallons/minute)

length of the hole tested (feet)

= differential head of water over distance from water
table to water swivel (feet)

r = radius of hole (feet)

o 2l V@)
¥

4.9.2 Monitor Well Slug Tests

A falling head and rising head slug test technique was used to
evaluate in situ hydraulic conductivity. A solid 3 inch diameter PVC
slug was used to displace the water in the well. 1In all but three
wells a 5 foot long slug was used. In wells M03, MO4, and M12, a 1%
foot long slug was used. This smaller slug was needed due to the
smaller water column present in the wells,

After measuring the water level in the well, a transducer was lowered
into the well to within a few inches of the base of the screen. All
the pertinent test parameters were entered into a Hermit Environmental
Data Logger Model SElO00B. At the start of the test, the slug was
instantaneously lowered into the well until it was completely
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submerged. The height of the water column (above the initial
reference level) was recorded on a logarithmic time scale by the
Hermit as the water level recovered to its initial position.
After the water level stabilized in the well, a rising head test was
conducted in a similar manner to the falling head test. The slug was
instantaneous withdrawn from the well and the subsequent rise of water
with time was recorded by the Hermit. After completing the falling
and rising head test on each well, a hard copy of the recorded data
was printed out for a quality review.

The method of Hvorslev (Freeze and Cherry, 1979, pp. 339-342) was used
to calculate the hydraulic conductivities from the raw data collected.
The maximum displacement of water, and subsequent recoveries relative
to the maximum displacement, were plotted versus time on
semi-logarithmic paper (Appendix E). From the resulting best-fit
line, the time (T ) for a relative displacement of 0.37 was calculated
from the plot and®entered into Hvorslev's formula:

K=1 1n L/r
2 LTo

where r = radius of well
L = height of water in borehole and well

The hydraulic conductivities calculated from rising head tests are
generally more accurate than falling head tests with a partially
penetrating well screen. However, the falling head tests can be used
to check the accuracy of the rising head tests. That is, if the test
results agree or .the falling head test gives a slightly higher
hydraulic conductivity, then the results are more likely to be
accurate.

4.10 Physical Tests

Samples were taken for physical testing by the Weston Geophysical
geologists during drilling. In compressible soils, a 2.875 inch I.D.
Shelby tube sample was taken. In incompressible soils, a sample was
taken using a conventional 2 inch 0.D. split spoon. Shelby tube
samples were capped and sealed with paraffin. Split spoon samples
were placed in 2 inch clear glass jars. All samples were delivered to
the Goldberg Zoino & Associates, Inc., Soils Laboratory in Newton,
Massachusetts for testing. Data summaries and grain size plots are
found in Appendix G.

4.10.1 Atterberg Limits

Atterberg limits (liquid limit and plastic limit) were determined for
all samples except for MO3 and MO4 which were gravels and, therefore,
too coarse grained for testing. Testing specifications are given in
ASTM Volume 04.08, Procedure D4318-84.
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The liquid limit is measured in a standard liquid limit device. The

device essentially consists of a cup in which soil at various moisture
contents is placed, the soil is grooved with a standard tool and the

cup struck by a cam. The liquid limit is determined when the groove

closes to a specified width at 25 blows. The soil is weighed, oven

dried, and weighed again. The percentage of water by weight to dry

weight of soil is the liquid limit.

The plastic limit is determined by rolling the soil into a 1/8 inch
string. When the soil string begins to crumble (plastic limit), it is
weighed,oven dried, and weighed again. The percentage of water by
weight to dry weight of soil is the plastic limit. The plasticity
index is the difference between the liquid limit and the plastiec
limit.

4.10.2 Specific Gravity

Specific gravity is determined by comparing the soil'’s weight in air
against its weight loss in water. Testing specifications are given in
ASTM Volume 04.08, Procedure D854-83.

4.10.3 Porosity

Porosity was calculated from determination of dry density and specific
gravity in the following manner:

P = ((1 - vs)/vs) x 100

P = porosity

1-vS = volume of pore space

v, = volume of solid = dry unit wt/spec. gravity x unit wt water

4.10.4 Permeability

Permeability tests were performed on samples to reconstitute specified
densities approximately equivalent to 95 percent of modified Proctor
(ASTM Volume 04.08, Procedure D1557-78) at about 2 percent wet of
optimum water content.

Reconstituted test specimens were prepared in a manner similar to that
described in "Special Procedures for Testing of Soil and Rock for
Engineering Purposes" STP 479, ASTM 5th Edition, pages 101-103.
Each specimen was reconstituted in 2.0 inch diameter by 4.0 inch long
sample formers. A specific amount of soil at the appropriate water
content was weighed in five equal portions. Each portion was tamped
by means of a mechanical tamping foot to a specified height in the
mold. After five layers were compacted, the sample was weighed,
measured, and its unit weight verified. After verification of the
unit weight, the test sample was placed on a previously evacuated,
modified triaxial cell base and porous stone. A membrane was added
and the sample sealed top and bottom by 'O’ rings.
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Samples were back pressured under a small effective stress to create
complete saturation of the sample. When the desired saturation was
achieved, the samples were attached to the permeability apparatus and
tested in accordance with procedures described in the Army Corps of
Engineers Manual EM 1110-2-1906, Appendix VII, "Falling Head
Permeability Tests with Back Pressure." Records of head change versus
time were recorded for the test with the permeability value reported

being the average of several consistent values obtained during the
test. '

4.10.5 Sieve Size Analysis

When both sieve and hydrometer analyses were required, a combined

~mechanical analysis was performed. This procedure is similar to ASTM

Volume 04.08, Procedure D2217.66 (wet preparation of soil sample for
grain-size analysis and determination of soil constants).

A representative portion of the minus No. 4 material was mixed with
water so as to form a thin homogeneous slurry. The fines suspended in
this slurry were then decanted into an empty hydrometer jar, and the
mixing-decanting process repeated until most of the fines had been
removed. Coarser fractions remaining after the decantation were then
oven dried and sieved through a nest of screens (Nos. 10, 20, 40, 50,
100, and 200). Any material passing the No. 200 screen was added to
the hydrometer jar containing the finer fraction. Hydrometer analysis
of these fines was performed in the conventional manner.
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5.0 DISCUSSION OF RESULTS

The purpose of this program was to provide a geologic and hydrologic
characterization of the AMTL site which could be used as a framework
to predict and explain the direction and rate of transport and extent
of any contamination which might be found. Geologic characterization
was achieved through careful logging of boreholes and coreholes,
borehole geophysics, and a refraction seismic survey. Hydrologic
characterization was achieved by physical characterization and testing
of soil samples, measurement of the water level, and performing packed
pressure tests and slug (falling and rising head) tests. From these
measurements and observations, the following hydraulic parameters were
calculated: gradient, flow direction, hydraulic conductivity, flow
velocity, and flow rate.

While soil and groundwater samples were obtained as part of this
program, chemical analysis of these samples and interpretation of
contaminant transport and significance were not part of this program.

5.1 Geologic Characterization

Details of the geology at the AMIL have already been discussed in
Section 3.0 Site Geology. Therefore, only a brief summary of the
stratigraphic sequence is therefore provided here. Bedrock at the
site consists of the Cambridge Argillite, a dense finely laminated
siltstone consisting of bluish gray silt to clay beds with interbedded
lighter colored, very fine to fine-grained, sandy beds. Most fractures
are parallel to bedding, but other fracture orientations exist (fewer
than four per foot). The siltstone is overlain by a basal, bouldery
till with a gray green silt-rich sandy to gravelly matrix. It is
fairly cohesive and dense. Laying on top of the till is a silty sand
found across the site which is composed of moderately well sorted,
very fine to fine-grained sand with a clayey-silty matrix. It is
commonly laminated and locally becomes very silt/clay rich. Overlying
the silty sand is a texturally variable layer of medium to coarse-
grained sand and gravel which is not found over the entire site. It
was not found in the northwest corner of the facility and it grades
from a medium to coarse-grained sand to a gravelly sand eastward.
This coarser unit over the silty sand commonly contains the first
trace of water. The coarser sand/gravel layer is generally overlain by
fill of disturbed gravels, commonly with exotic debris (concrete,
brick, ceramic, etc.).

Additional geological information can be obtained from interpretation
of the seismic refraction survey. The locations of the lines were
shown in Figure 7 and the actual interpretative profiles in Figure 8.
Profile 1 is characterized by four distinct seismic horizons. A
material with velocities ranging from 1,000 to 1,800 feet/sec is seen
from ground surface to a depth of 4 feet. These velocities are
typical for fill material. This layer is underlain by a zone with a
velocity of approximately 2,300 feet/sec, indicative of an

45
A\ Arthur D. Little, Inc.




unconsolidated sediment. Included in this sequence is a water
saturated zone at depths of 16 to 20 feet (from west to east,
respectively). Unconsolidated, water saturated materials are
characterized by seismic velocities of 5,000 feet/sec. Bedrock
(siltstone) exhibits velocities of approximately 12,000 feet/sec. The
bedrock surface varies in depth from 44 to 110 feet (Figure 8).
Boring information obtained adjacent to Profile 1 indicates a thin, 6
foot basal till overlies the bedrock. This layer is not seen by the
seismic method on Profile 1 because it is too thin to contribute
significantly to the velocity plot.

Profile 2 is similar to Profile 1. Again, there are four distinct
velocity zones. Between 14+00 and 23+00, the 1,000 to 1,800 feet/sec
(£ill) material is substantially thicker at 14 to 18 feet. The second
horizon (unconsolidated sediments) appears to contain a facies change
at approximately 24+50. From 14+00 to 24+50, the velocities are
approximately 2,500 feet/sec which are indicative of a predominantly
sandy environment. From 24+50 to 30+00, the sediment has a velocity
of 3,000 to 3,500 feet/sec and is suggestive of a clay rich material.
The water table is dipping slightly from north to south, towards the
Charles River. Bedrock is relatively deep along the entire length of
Profile 2. 1t varies from 85 to 115 feet and is characterized by a
velocity of 11,000 feet/sec. The slightly lower velocity in the

siltstone for Profile 2 (compared to Profile 1) can be attributed to the

orientation of the survey line to the strike of the siltstone.
Profile 1 is probably oriented parallel to the direction of the strike
with Profile 2 oriented at some angle to strike. Profile 3 is
characterized by a three layer seismic profile. A top layer of 1,200
to 1,900 feet/sec material is indicative of organic matter and fill.
This layer extends to a depth of 8 to 10 feet. . Water saturated
material (5,000 feet/sec) is then observed to depths of 60-72 feet,
the presumed top of the bedrock.

Borehole geophysical surveys were run in holes (CO01 and CO03). The
original intent of the borehole surveys was to use logging techniques
in deep holes cored into bedrock to determine physical properties of
the unconsolidated glacial sediments and bedrock to provide
stratigraphic correlation.

Hole COl was drilled to a total depth of 78 feet, the lower 16.5 feet
cored in bedrock. The steel casing extended to bedrock at 61 feet.
Because of the steel casing, most information was obtained in the
bedrock interval only. Caliper, natural gamma, short and long spaced
gamma density, neutron, resistivity, spontaneous potential,
temperature, and fluid conductivity logs were run.

The caliper log was only run in the open hole (59-75 feet) and
indicated a void at 61-62 feet, probably a washout at the bedrock
surface created during drilling. In the bedrock interval, the natural
gamma log ranged from 50-60 cps (approximately 60% clay) relative to
an average of 15 cps for the unconsolidated glacial sediments
confirming the high potassium (clay) content of the bedrock. The
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slight increase from 12-13 cps (approximately 25% clay) below 25 feet
to 17-18 cps (approximately 35% clay) below 25 feet indicates
increasing clay content at depth in the glacial sediments. Rapidly
increasing values below 57 feet (>40 50 cps) indicate the clay rich
nature of the basal till.

Short spaced density measurements give a density of approximately 2.2
g/cm® slightly below average (2.4g/cm®) for a wet shale. The long
spaced density measurements show relative density difference breaks
that seem to correlate well with lithology:

(a) 0-25 feet silty sand
(b) 25-45 feet sand

(¢) 45-50 feet clayey sand
(d) >56 feet basal till

The spontaneous potential log shows a notable negative deflection for
the siltstone. The neutron log shows discontinuities at approximately
25 feet, 52 feet, and 62 feet. The lower values in the interval 25-52
feet and at 62 feet reflect the higher porosity of the sand and a void
respectively. Porosity of the silty sand and the siltstone appear
comparable which is not likely. The till (56-61 feet) exhibits a
porosity intermediate to the silty sand and sand.

Temperature and fluid conductivity both show gradual decreases as
depth increases from about 28 feet (the water level). Temperature

decreases from 55°F to 53°F and conductivity from approximately 25 to
15 ohm -m.

Hole CO03 was bored to total depth of 37.5 feet terminating in basal
till. It was cased with 4 inch PVC and screened from 24.6 to 34.6
feet. Logs included natural gamma short and long spaced gamma
density, neutron, temperature, and conductivity.

The natural gamma log shows a broad peak centered at approximately 20
feet which expresses the presence of the bentonite seal from 17 to 22
feet. The low centered at 10 feet is an expression of the sandy peat
from 8 to 15 feet. The long spaced gamma density correlates very
generally with stratigraghy: a general low with several narrow peaks
correlating with the silty sand (16-29 feet); and a broad peak
correlating with a gravel (30-33 feet). Temperature varied from 56 to
58°F and conductivity was approximately constant at 10 ohm -m.

5.2 Hydrological Characterization

Details of the hydrology at the AMTL have alréady been discussed in
Section 3.0, Site Geology. Only a brief summary of the hydraulic
regime (Table 8) is presented here. Run-off of surface water is to
the south toward the Charles River. Because of the extensive presence
of structures and paving, most surface run-off is captured by the
storm drain system and discharged to the river.
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TABLE 8. HYDRAULIC PARAMETERS

Gradient (i)

a.
b.

West portion: 0.025 to south.

East central portion: 0.030 to southeast, swings to
0.005 to south.

[ 003

Hydraulic Conductivity (k)

a. Silty sand:

6.4 x 10'3 cm/sec (average)

7.06 x 10°% - 1.30 x 1072 cm/sec (range).
b. Medium-coarse sandy gravel:

2.7 x 10-2 cm/sec (average)

4.24 x 10'3 - 3.30 x 10.2 cm/sec (range).
c. Siltstone:

4.1 x 10-7 cm/sec (average)

1.72 x l0-7 - 8.88 x 10.7 cm/sec (range).

Flow Rate (Q)

a. 0.016 m3/sec (98 gpm).

Flow Velocity (v)

a.
b.

Site average: 4.5 x 10'“ cn/sec (142 m/year).
Southeast portion: 4.5 x 10-5 cm/sec (14.2 m/year).

o - ;o /)I v Y /}V',J‘—?\’, //(’: C:B».(/) . e A
\/>/';/ /\ I "/“ /- ’ - ) N (,4'/‘ / j ;//L/ //'/))’-'—C__
48

/A Arthur D. Little, Inc.




Characterization of the groundwater hydraulics are based on 17
borings, 16 of which were completed as monitoring wells. Water level
data, summarized in Table 5 and graphically interpreted in Figure 10
show groundwater flow is generally to the south toward the river. In
the northeast corner, flow is to the southeast and then swings around
to the south. The gradient averages 0.03 across the site, but in the
southeast corner, it decreases to 0.003.

In situ hydraulic conductivities (k) were determined using falling and
rising head tests. In the silty sand, which seems to be the dominant
water-bearing unit over all of the site, k ranges from 7.06 x 10-% to
1.30 x 10-2 cm/sec and averages 6.4 x 10-2 cm/sec. The medium to
coarse sandy gravel has a range of k from 4.24 x 10-3 to 3.30 x 10-2
cm/sec with an average of 2.7 x 10-2 cm/sec. The siltstone (bedrock
Cambridge Argillite) has an average k of 4.1 x 10-7 cm/sec, and is
expected to effectively serve as a hydraulic barrier to the glacial
sediment-hosted aquifer. We did not determine k for the basal till.
Values reported in the literature for the Boston area (Hatheway, 1982)
range from 10-% to 10-° cm/sec.

To calculate a representative flow rate (Q), a cross sectional area
perpendicular to the gradient extending from near MOl, then east to
near M03, and finally northeast to near MO8, approximately 2,000 feet
was selected. The aquifer thickness (H) ranged from approximately 40
feet at the west to 47 feet at the east. We assumed that the
siltstone provided an effective basal confining layer for the aquifer.
The cross sectional flow area was estimated at 8080 m2?. Review of the
drill logs and cross section M10-MO7 (Figure 5) suggests that the
silty sand is the predominate hydrologic unit. Review of the seismic
Profile 1 (Figure 8) indicates most of the saturated zone is within a
fairly uniform material, based on consistent seismic velocities of
5,000 feet/sec. Based on the preceding arguments, a hydraulic
conductivity of 6.4 x 10-3 cm/sec, the average for the silty sand, was
used. An average gradient (i) of 0.03 was selected. The flow rate,
Q, can now be calculated:

Q = k i A o PRV
= 0.016 m3/sec (98 gpm) 279 ©
= 504576 m®/year (51,508,800 gal/year) |2 320%05Y

Representative average linear velocities can be calculated by:
v = ki/n

Using an average porosity (m) of 0.43 for the silty sand, gradients
(i) of 0.03 and 0.003 and the average hydraulic conductivyj (k) for
the silty sand, calculated flow velocities range from #'% x 10-4
cm/sec (142 m/year) to 4.5 x 10-5 cm/sec (1l4.2m/year) where 4.5 x 10-4
cm/sec is most representative over all but the southeast corner of the
site. Since the average porosity (n) determined in laboratory testing
is lower than the effective porosity, these average linear velocities
represent lower limits of linear velocity.
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These velocity estimates represent the rate at which the centroid of a
contaminant plume would move in the absence of attenuating mechanisms
such as adsorption by soil or degradation. Dispersion would cause the
leading edge of a plume to travel faster, and the trailing edge to
travel slower than the centroid. For example, the centroid of a plume
could travel the 183 m from CO02 to the southern site perimeter in
approximately 18 years, using a velocity of 3.2 x 10-% m/sec (10
m/year). Dispersion would decrease the time at which contaminants
originating near C02 would reach the southern boundary and would also
increase the time period over which contaminants might be detectable
at the southern boundary.

Attenuation by soil adsorption or degradation, on the other hand,
could potentially increase the travel time by an order of magnitude or
more, depending on both the soil and contaminant properties.

Given the information obtained from the 17 borings and 16 monitor
wells, the hydrologic regime at the AMTL appears relatively simple.
The surficial aquifer is unconfined and is bounded by the underlying
siltstone bedrock and flows south toward the river. Variation in the
textural composition of the unconsolidated glacial sediments accounts

for minor variations in gradient, hydraulic conductivity and flow
velocity.
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6.0 RECOMMENDATIONS

Our recommendations can be put in two general categories: general and
site specific. General recommendations are based.on our extensive
experience in drilling thick sequences of unconsolidated glacial
sediments. Site specific recommendations are based on our experience
at the AMTL.

6.1 General
6.1.1 Well Finish

We recommend that all permanent monitoring wells constructed in an
urban environment, or even a suburban environment be completed per our
design of Figure 11. This type of well finish offers

(a) two levels of security (bolted manhole and padlocked steel
casing);

(b) a flush finish that does not present a safety hazard;

(c¢) a flush finish that is aesthetic and does not detract from
its surroundings, particularly important at the AMTL because
of the historic nature of the buildings;

(d) four levels of protection for the well, gasketed manhole,
steel casing security cap, drain at base of steel casing and
a slip cover on the four inch PVC well casing.

6.1.2 Bedrock Holes

A common practice in drilling at a location where there is little to
no information on depth to bedrock, depth to water table and the
nature of the stratigraghy, is to attempt to drill one or more deep
holes to bedrock, or into bedrock, to log and sample stratigraghy and
to complete the hole s a monitor well. It is commonly perceived that
this is a most economical way to get the maximum information, when in
fact, it is often not.

It is generally more expedient and easier to drill at least one deep
hole. Using a rotary bit and steel casing and sampling with a split
spoon every 10 feet until bedrock is encountered, the hole can be
rapidly advanced. Cuttings can be examined for general trends in
geology although there is separation of fine particles.

When bedrock is encountered, reduction to the appropriate size diamond
core barrel 1is required to get continuous core samples. If core
samples are not required, the chips from rotary bit can be logged. We
would recommend a packer test in competent bedrock to measure in situ
hydraulic conductivity and determine if the bedrock serves as a
hydraulic barrier to the aquifer in the overlying unconsolidated
sediments.
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Since the rotary drilling technique may not offer the same degree of
security in preventing cross contamination within the hole, it is not
recommended that soil samples for chemical analysis be taken.
Installation of a monitor well may not be prudent. It would probably
be best to bore an adjacent~hole using hollow stem augers to a
predetermined depth, collect soil samples for chemical analysis, and
complete as a monitor well,

6.1.3 Ground Penetrating Radar Surveys

In an urban area like the setting for the AMTL, it is recommended that
utility clearances by the gas, electric, and telephone companies and
the installation facility people be followed by a ground penetrating
radar survey to verify the accuracy of "known" locations and to search
for forgotten utilities.

6.1.4 Seismic Refraction Surveys

The use of seismic refraction surveys to determine depth to bedrock,
general stratigraphic units and whether or not these units are saturated
is an excellent idea. The survey is very cost effective for the
information obtained and can generally be run in urban environments.

6.2 Site Specific
6.2.1 Borehole Geophysical Surveys

Borehole geophysical surveys were run in holes COl and CO3 at the AMTL.
Neither hole was very deep, 78 feet and 37.5 feet respectively. COl
has to be logged with 28 feet of 10 inch hollow stem auger, 56 feet of
8 inch steel casing and 61 feet of 4 inch steel casing which created
some shielding" for the borehole tools. Most information obtained
from the borehole logs was redundant with that obtained from
geological logging, and we do not recommend running borehole surveys
in a similar situation.

6.2.2 Additional Drilling

While the interpretation of analytical results is not in the scope of
the Arthur D. Little, Inc. contract, we know that C02 is at least
moderately contaminated by the benzene-xylene-toluene group.
Additional monitor wells are recommended both up and downgradient to
attempt to identify the potential source area and the geometry of the
contaminant plume. If, in addition to the light fraction, a heavy
fraction is discovered, such as chlorinated solvents, monitor wells
testing various levels in the aquifer are recommended. And finally,
to assist in an initial assessment of applicable technology for
remediation, a series of pump tests should be conducted to determine
appropriate groundwater extraction rates.
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APPENDIX B

Well Diagrams
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Sealed Interval /o =% - 4.0’
. . 3
, Type of Pack a‘“""s""’ —
— ¥s.0 Packed Interval ——¥2 =2 -/9.0
-—va.o'
— Type of Screen ¥y _FPre
. Screen Size 10 _Sio?
— T
Screened Interval __-s.0 ®ss.0’
- Depth of Hole 19.2°
_ma’




' /]BArthur D. Little, Inc. Well No. #/F-07
EG&G FLUSH Page ___( of _
J | GROUNDWATER MONITORING WELL Date Inotallod /e /es
Client . ¢¢. Zoowt , e ' Case No.
: GRRSS STRIP, Rrom~né FENCE AE. OF
l Project A/effﬁrowd, 7774. Location CoLrnGLS NOUSE, -
' TEFFREY N, FolTH ER
*-'. Contractor CZFF Trrizave Supervised By 4/5570.-/ 53;@/%1@02 C‘aﬂﬁ.
’ Drill Method % s0 - | Total Depth 39.0° Hole Diameter ;4 °
Grout Method C<wéwr/srwro~s® s.ueRy Development Method
I w/ TREpnzE Pros AuwP
Measuring Point Elevation Ground Surface Elevation
T DEPTH
SAMPLE | (BELOW |BACKFILL
INTERVAL| GRADE) |[MATERIAL Elevation of
Manhole
SFTS BT AT 0.0 Well Riser =0.£9
AA ry
Cerazrr Protactive Casing "
?-“sa ” e 50’ Type/Diameter LLMM:
3 - Protective Casing s
..; "1¢7'O3 interval o-Hl- 4o
._.." 1.0
Type of
[ Grou Surface Seal C’Z‘f‘” -
. FINE > Sealed Interval —22-=S:0
l o | Mmpt-oa e 15,0
L3 SAND
' Well Casing - B
- M3%-65 =200 Bewronzré Type/Diameter _4__ LY :
Fhsisrs Cased Interval _CL8—F-28.0
l - B3mes é |
g Type of Grout e
« MEZ-Ob  [=25.0 Grouted Interval .-S.0_—* /8.0
: ) Qusere Bivromsre
f' M‘7'¢? pm 30 .0 Sano Type of Seal &4‘!’5 Bucn€rs

Sealed Interval o-£8:0/%-23.0°

&, wo_ga

-23.0' —> -39.0°

Type of Pack

M@7-08 o 357, Packed Interval

Type of Screen " pre
Screen Size 18 _Sie1

: Screened Interval -280 —»-38.0°
. Depth of Hole -%3%.0’

povasn 5%, O

N b Do 3 — L
-




/IBArthur D. Little, Inc.
EG&G FLUSH
GROUNDWATER MONITORING WELL

Well No. #/¢-08

Page _ ¢/ of /

Date Installed &//7/88

Client £.6G. "G Zowowo, Zre.

Case No.

Project 7 Location
ject g7y /.\Jw&e7ob&¢, 7774, Ghmss meprar Losy %&p‘- 27
ATELFLEY +). FoRINER
Contractor é‘f/ Dorziszrte , Tove. Supervised By "Ls”# Crormyszrme Corr
Drill Method 7, .¢ Total Depth »z,” Hole Diameter . s, *
CEmemT /BENTONITE SILUREY
Grout Methodﬂ/_r”mm, Py Development Method Lol
Measuring Point Elevation Ground Surface Elevation
DEPTH
SAMPLE | (BELOW |[BACKFILL
STRAT. | INTERVAL | GRADE) [MATERIAL Elevation of
Manhole .
) Well Riser - 0.9
STy shib | MB-Of 0.0 St |
AMTL-55, 56,57 [ | TIPS Protective Casing .
OG- L AT e 5.0 Serin Type/Diameter & Sreces/lscelor
SV. ANA- 5P G,
e Protective Casing '
Md’BN . interval O - Yoo
PR 6.0 .
CoarsE Type of Cemerer | Shin] 8 enl-
o - Surface Seal ’ —
B 0.0' & -5.0’
Gaout Sealed Interval —=
Mg~ oA e 1870
Well Casing v
- MgB-05 —t Type/Diameter 4 Pre
. Py Cased Interval _~-S" —>-%.,.0°
| WTONITE
gy LIN ] Type of Grout f‘”‘c’f’/g[‘“””‘,”
T T ME8- b e 20" Fretérs Grouted Interval Z5:0 =¥ -2/.0
by L “
MeowM —
SAND Bemromzrt
Mgg-o prasmn 30.0 @uﬁlfi Type of Seal 7.’5 wwrr.
a Sealed Interval 248 =% -26.0
Liveg12 Sz _3aes
~ . Sarg Type of Pack 2 7, Screz y
po-os [==3s.o Packed Interval 248 =% ¥7:0
M@PB-09 =400’
["' Type of Screen 4 _pPre
’ Screen Size /10 _Sco7
—4“6
Screened Interval _-3.0 —¥-41.0
r_ Depth of Hole -42.0°
h-—:.o.o'
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/IBArthur D. Little, Inc.
EG&G FLUSH '
GROUNDWATER MONITORING WELL

Well No. m7Z -09 "

Page /7 of /

Date Installed s/2./ee

Client £.6 £6. ZTomwo, Twe.

Case No.

Project o,y A/yrarawa/, 7,

Location # *F M&). Comniée ©F Buoo, & ¥3 &v
SLENOE NEARL RomD

Contractor (£ z 7 Deriiswe, Zove.

Supervised By Wrsronw Geopwvsiesre Cowr.

TECEREY of KomTrRk

Drill Method 47, .

Total Dept

h o500

Hole Diameter

2%"

Grout Mcthod ¢¥m#~r [ Benromere SivreRry
FROMY maovE *

Development Method

Ao

Measuring Point Elevation

Ground Surface Elevation

DEPTH
SAMPLE | (BELOW |BACKFILL]
STRAT. | INTERVAL | GRADE) {MATERIAL Elevation of
.g{)/ Manhole
LAY s oy 0.0’ = Well Riser
e CEMEnT Protective Casing 5"
FriL mo9-062 |emgp’ Type/Diameter 6% Seer wifbocxtar
mog-03 | &GRouy 4 ¢ Protective Casing 2% o3
(3 - d {
Amri-18,0,20 , | Gewromsrs ol e interval
/8.0 PEsETS o] e
¢ ¢ 10
e Type of ¢
SANDY - — i Surface Seal £l ___ Bscs
bl Sealed Interval ~=¢——-"5:0
~/ MOY-0Y  |uem 15,0’ 2 &
Ganvii Cunnre 1
2
- SAnND X :
'.‘ <}——— Waell Casing -
mo9-08 _ZQ-O’ :v' . Type/Dlameth & ”PVC
mf:::m A e vege. s =1 Cased Interval -s"—>-13.5"
- - N 3 8AGe Yy 346
et =5 Type of Grout — -ESXEx7idenlents
32,7V $Aw0 25.0' s leiis Grouted Interval _25:0 > -7.¢
i _.::Vm mog-06
< éaﬁr . Buwronsré s
*or —=30.0 Type of Seal Lisstrs  Bouencrs) — Borencrs
Spoe~ Sealed Interval %8 > /.8
' Type of Pack 2 ",s‘” &a .
360 Packed Interval ——/.5 —=-2s.0
e 410,06
- Type of Screen y_Pve
’ Screen Size /e _Seo7
p— d“‘o )
Screened Interval __-/3.5 —*23.§
- Dapth of Hole -25.0’
_n‘o'

o Aompovéc 8y HwrRy LJooos USATHAMA,
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/!BArthur D. Little, Inc.

EG&G FLUSH

GROUNDWATER MONITORING WELL

Well No. g~ 70

Page / of

/

Date Installed ¢/4/&68

Cllient £L.6, IG Zoswo , L.

Case No.

Project s [ lorcermos, 122

Locatlion

Na), Loaner A BRITL | Mo op Bk, f Vo

Contractlor ¢ z 7 Desricrve, Zove,

Supervised By

TrAEREY o), FORLINELT
lesrorw Goopryszesns ComP,

Drill Method _7,5.¢

Total Dept

h 0

Hole Dlameter 2%

(4

Grout Method Mowe

Development Method . _

Measuring Polint Elevation

Ground Surface Elevation

DEPTH
SAMPLE | (BELOW |BACKFILL
STRAT. { INTERVAL| GRADE) |{MATERIAL
M !
oA mio-01 0.6 Comeméert
SanDY Amri~37 38,39 p—
Ll ms0-e3 e 5.0 BONTONLTE
7”40-03 N
meEpTum 10.0 QUARTE
SANE
ry SAND
EnTERSFDON pyysp - O —:5.0’
Cmt':'
.:‘:: ALemr, , S6, |
Sv. Awany.
Szory Convs
w,
/ #2n s mio-os" —.?o.o'
sposs ’
oEATY —:;.0
_3010’
e
—3‘00.
—yo.o'
e /57,0
p— 0. O ‘

r

OO I

O L

Elevation of
Manhole
Weli Riser

Protective Casing e .
Type/Diameter 'y Srece wfiecn caf

Protactive Casing

» ¢ ”
interval 2" —>3's
Type of 8
ypSurface Seal Cemerzerd SAGS
Sealed Interval -H&- T .0
Well Casing

¢ pre

Type/Diameter
- ;w — o ‘.ol

Cased Interva!

Type of Grout Aons
Grouted interval MNONL
5J~n~:u‘ 3
Type of Seal Less£75 BucAErsy
Sealed Interval ~4.0' = 6.5’
A -J
LuarrzSane BAES

Type of Pack

Packed Interval b.s > /9.0

¥ PV

Type of Screen
70 S.o7

Screen Size

- 8.0 = 0.0’
-/9:.0°

Screened Interval
Depth of Hole




H
i

‘_4_, 4

~

a . : .

Lo

K}

i i " [ s i [ERT
R B OE K

b !
o' en ' e

/IBArthur D. Little, Inc. Well No. 7 -z
EG&G FLUSH Page __ ¢ of 7
GROUNDWATER MONITORING WELL Date Installed & /ir/a8
Cilient £.6. tG Toamo, Tue. Case No.
GRASS TERRACE Y3 wumy OETWEIN ME-0S
ProIeC g2774 sllerentronsn, /774, Location ™ e oe-cu..
TEFFREY o). FoRTnER
Contractor 4 74 ~Drsriczme, Zve. Supervised BY _ 1. .. Giomwyizesc Conr.
Drill Method 7, .o Total Depth . ,- Hole Dlameter ., »
Grout Method Mo Development Method Lot
Measuring Point Elevation Ground Surface Elevation
‘ DEPTH
SAMPLE | (BELOW |BACKFILL
STRAT. | INTERVAL | GRADE) |MATERIAL Elevation of
ﬁ 7 Manhole
. ! Well Riser
Y10/ goxi  mn-o) 0.0 CEmEnT —
s AT LowT. ) 3Y. A e Gew - Protective Casing . »
,;::w m‘::-:: Y ”":;l;;’ Type/Diameter g@"“ 5""4’/“« Car
ArTL S0, 5192 »
e Protective Casing 1%y - 25"
mu-03 QuprT: " Interval 8
VARYENG 10.0° -
snury Sano o Type of )
saros — - : Surface Seal Qf_f’_"""‘l’ L.
i: Sealed Interval =22 =
mu-o04 —“‘.a' ::-
, o ﬁ<::|-—--——- Well Casing N
s 200 _ L Type/Diameter ¥ _Lre
Cased Interval _-5° % -s5.0°'
Type of Grout "é”f
e 250" Grouted Interval Hloné
ewronrrs 3
b 30,0 Type of Seal LEETS  Buewsss
L Sealed Interval &S =¥ -#.0°
10
. Type of Pack Luaare Soxo sass
e Packed Interval %8 =% ~/6.0°
o 4/0,0°
- Type of Screen ¥ Lre
, Screen Size L S.or
—L/J:O
Screened Interval _-s.0’ = -/s.0’
" Depth of Hole -/6.0’
pe 52,0
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‘/IBArthur D. Little, Inc.
EG&G FLUSH
GROUNDWATER MONITORING WELL

Well No. 27f - /2

Page / of /

Date Installed s7/2¢/68

Cllent .. €6. Toawo, Tive,

Case No.

EHET BNO OF FRIFLFLE XSimdD
Eernsstr Busipofore I7 ovo 13/

R2eMARD Pulnoi& yo~’
;./asro»v Geomyvseene Corn,

Hole Diameter /-7"5"

Grout Method 2. . e Cornsiorr 4/e=|Development Method o (Svamenssous)

Ground Surface Elevation

Pro]ectM/z A/,””abw/ Y 4 Locatlion
Contractor (.Z.& Dericswe, Zove, Supervised By
39.0° W.5.A4.
Dr"' MethOd Iﬂ&t‘ TOta| Depth 1.0’ §sPoo~
mroF
Measuring Point Elevation
DEPTH
SAMPLE | (BELOW |[BACKFILL
STRAT. | INTERVAL | GRADE) |MATERIAL
certess | mua-of
”::.‘:"::L m , CEMENT
mED - ConBANTLT12,03,04  fuue §.0
0 of | muy-sa-ea |
GRAVES
— 10.0°
;-l--\!o mn-03
MY Tar amrs., 5.6, L Grour
,.":3’,;::; sv: Pvmi.
s ay | MW2-04 1S,
Sivry v, . Bewromrré
Bl mwyz-05 [==20.0
Geaan PUsib7S
Focwa by ’
MO Somg | MWI2-06 = 25,0
SHavm
Qunere
e MED I3
Mi2-0F  jouma 30.0 v
huaks Sanp 3
[T FFYS ,
Cmtby Sl | mus ga- 08 350
. SANS
Sery fw- | muwz. 09 pemwuo.o’ oo
MEp oamp
D G LAVAL
_050’
2.0

Elevation of
Manhole

Well Riser
Protective Casing .
Type/Diameter 26 Srees sficercear

Protective Casing

LA ’
-0, =» ~3.¢

Interval
8
Type of
Surface Seal Lamenr Boss

0.0’ —%» -5.86°

Sealed Interval

Well Casing o
Type/Diameter ___¥_£YC
Cased Interval _-o:5 - -2g.0°
Soacs
C!m"ﬂr/dwvnma‘rf

Type of Grout : =
Grouted Interval _-56 _—> -/7.7

gtﬂl‘odfﬂ! 7
i 875 ZDurewers
-7 7 —>-23.2°
8
Quaer?Sans gaes
-23.2'—»-39.0°

Type of Seal
Sealed Interval

Type of Pack
Packed Interval

s "ryve

JOI0 Sior

Type of Screen
Screen Size

Screened Interval -28.0 —» -38.0
Depth of Hole -39.0" N.5. 4,
~-4],0°' sSproo~




H i P . 1
! o = .

¥

o i

]
r.

[ ; [ £ Lo ) .

3

- ' -

|

1]

EG&G FLUSH

/lBArthur D. Little, Inc.
GROUNDWATER MONITORING WELL

Well No. & -3

Page / of /

Date Installed & //0/88

Cllient

£ L6 Tomno, e -

Case No.

Project VL s Ajﬂrflfadﬂ, J774.

Location .
ST, X JOO' FrROoW N.K. Coawcal or 3II,

CRWSS STRIP Brrwélns Biuse B3I i Hespwn

Contractor g. Z. 4. “Drrusws, Ze

AEFPREY &) FORTAWER.
ervi
Sup sed By L\/rsro,-/ Coropursecas  CorP

Drill Method 7, xr Total Depth o5 5’ Hole Diameter 5, ~
Grout Method »(wf Development Method /wrz o
Measuring Polnt Elevation Ground Surface Elevation
DEPTH
SAMPLE | (BELOW |BACKFILL
STRAT. | INTERVAL| GRADE) |MATERIAL Elevation of
“g?} [/ ; Manhole .
_— ' Well Riser -Q.4
2 - — 0.c &
STLT . CemenT Protective Casing,  «
mearom mi3-02 e 5.0 p - Type/Diameter &% Sreesfieu ear
S, (777473
— — e Protective Casing o g _ 4 o
mi3-63 briers fes Interval : -©
FIng » Amu-vn'ﬁll’ 42 10 O‘ ==
Coarst ) o
Sk Type of
saro — =" Surface Seal Limer? -
“/ B Sealed Interval —2:8-—=.25:0
Co08LFS Mi3eoy e 1.0 . @’lr. o.‘ .,:.
Sw~vo ,
FINE - MN=N
SAND . -
B-o . =3 Waell Casing .
T :v.’am:'s‘::_”'" :‘J Type/Diameter ¥ 2VE
...... ) M=% Cased Interval -5 =% -5’
7.0, WSA. b ——
Typs of Grout Hoxe
e 25.0° Grouted Interval Monrs
e
Bewrowesé &
—120.0" Type of Sea! &-—&—L—“"" el
Sealed Interval —5.8 =% 9.7
GuafizSarp  gas5
- . Type of Pack ’, "j’
5.0 Packed Interval ——%:£ —>-22.0
e 10,0
- Type of Screen ¥ PV
. Screen Size /6 Sso7
Screened Interval -5 —»-21.5"
[~ Depth of Hole -22.0°
—r""
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ABArthur D. Little, Inc.
EC&G FLUSH
GROUNDWATER MONITORING WELL

Well No. #Z-7¢

Page / of /

Date Installed s/z0/8e

Cillent . . € 6. Zowwe, Loe.

Case No.

Project A7, ‘,/l,g,rrawy, V /A

Location
AJ. S, Lowwck o Tines. ® 3/

Contractor . z .7 Dersirwe, ZTose.

Supervised By

TEFFREY &) FORINER
Jesron Gaomwyszens Lomp,

Drill Method 7.

Total Depth 55,

Hole Dilameter ,,, *

Grout Method

Aows

Development Method

oo

Measuring Point Elevation

Ground Surface Elevation

DEPTH
SAMPLE (BELOW |BACKFILL
STRAT. | INTERVAL| GRADE) [MATERIAL
7 / ’
Fom iox[. M -0t 0.0
PrIn - , CEMENT
ruy-o2 pnes €, O
N:;::of;: amri-ocon 00| Bonromeré
Guiny, ~Co8. PEiLETS
PHuY-03 ’
10+0
CLAYEY- [
} S84 ’
My ~04 e /8, 0
SN ) QUART?
— sRND
F % 7 o
KOMO!  pry-0F e 20.0°
wf
$Tiry- mi-006 —-2_f.o ’
Cumy
mi4.0% e 30, D ’
Serrom pre 350 !
or
sPoo~ |
geaenl 49.0 '
——T T
e 0.0

Elevation of
Manhole

Well Riser

Protective Casing

1 ]
Type/Diameter Q’q Srees n[&nmap

Protective Casin "
g e2 -3l

interval
Type of B

Surface Seal C"”f"” ‘4‘“
Sealed Interval] —2:2.=>$:0
Well Casing -

Type/Diameter ¥ "”C :
Cased Interval -0’ —w 15,0
Type of Grout Hone
Grouted Interval pows

Benwrover G

Type of Seal Frash?s _ Bucrdrs
Sealed Interval S8 -—v-/0.0’
2%
Type of Pack  Le2frilace Saes |
Packed Interval —-28:8 —%-29.0
Type of Screen ¥ pve
Screen Size 20 Sio7

. ’
L =W e R0
-2§,0°

Screened Interval
Depth of Hole
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A\ Arthur D. Little, Inc.

APPENDIX C

Well Development
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NOTE: Hole COl was not completed as a monitor well. It was abandoned By
grouting from 78.2 feet to surface.

/A Arthur D. Little, Inc.
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AB .. Well No. c-Z
Arthur D. Ll[tle, Inc. instzllaticn Cate 5/22
WELL DEVELOPMENT REPORT Devsiooment Date /2
Cilent  F(6sG, Tduho Case No.
Project AMTL Location Watertowi
Depth to Screen Bottom 34, ¢ Water Lavel (Relative io Top of PVC Casing)
Before Development 29
Screen Length /57 24 Hours After 3019 '
WELL VOLUME
0.6545 [DEPTH SCREEN BOTTOM -- DEPTH WATER]
0.5545[( 29.¢/ )=-( 29.0 )={( 6-8/ )GALLONS
ANNULAR VOLUME (30% POROSITY)
1.571 [DEPTH SCREEN BOTTOM -- DEPTH WATER]
1.571 [( 39.4 )»(\z 9 N=(/6-37 ) GALLONS
WATER TO BE REMOVED
(WELL VOLUME + ANNULAR VOLUME) x 5
K&8! Y+(16-37 )1x5=(//573 ) GALLONS
MEASUREMENTS
BEFORE DURING DURING AFTER
pH .28 6.¥5 &.5¢ 6.7
CONDUCTIVITY 825 goz _Eess 756
DEPTH TO SEDIMENT: BEFORE AFTER

TYPE/CAPACITY OF PUMP Mg, s 5 HP  RPm3vso

PUMPING RATE RECHARGE TIME JO prim

TIME TO DEVELOP WELL G . 30Am — [!30 Pt Véowg.

COMMENTS ON WATER REMOVED

2'/3 d\/‘uv—\.s 'f:'//b.f

3s

o |

11
)

1\

AN

I DEYELOPED/SUPSRYVISE A S
DEVELORED/SUPZAVISED sv%m) D
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ABArthur D. Little, Inc.
WELL DEVELOPMENT

REPCRT

Well No. < -3

installation Date Gli7|¥3

Development Date (/%%

Client ;—:c.;_ b, Dave | e

Case No. (et - I3

pTOjeC: AmTL-

Location wa-<spm.on - 3£ ol Am<

Depth to Screen Bottom

MG

Screen Length \0.2"

Water Levei {Relative to Top of PVC Casing)
3.

Before Deveiopment

o)

24 Hours After

WELL VOLUME

0.6545 [DEPTH SCREEN BOTTOM -- DEPTH WATER]

06545 [( 34, )-( 3.>

ANNULAR VCLUME (30% POROCSITY)
©312) { 5>1-[DEPTH SCREEN BOTTOM -- DEPTH WATZR]
N={5.9

03323 L57T 34,0 )~( 9.2

WATER TO BE REMOVED

(WELL VOLUME + ANNULAR VOLUME) x 5

N=(1703

) GALLONS

R ©.5° €.,
vs e
cALsS

qv 6% &
T

) GALLONS 0.3ax

s BAR o1,
RM? ng—- R-‘\}Lﬂ
Gfzvisy

(173 )+(§.5 )Nx5=(i29.¢ )GALLONS st b Tamen)
“+ Lo ea‘, &AM?J d-'lv’l'l:;\ wefl Lu;:,.{\uc{'fhr.
MEASUREMENTS
f2rabL 1 FarREL L Bagri L 3
BEFORE DURING DURING AETER
pH b3 6.6 G.3e .35
CONDUCTIVITY 13371 8Y: 782 743
- 3 "\ o~ Y ot
DEPTH TO SEDIMENT: BEFORE i AFTER S-S
TYPE/CAPACITY OF PUMP Refiw EM25u5  Soyiufny. B / 5 - (D Ciw
PUMPING RATE q ..., [5'5"=m\§ RECHARGEZ TIME
TIME TO DEVELOP WELL STARYT €R®3c Gz ton O9ie Blus
COMMENTS ON WATER REMOVED
NPRox Mot (UM onsmupd STy SRIT SAQ
. Vel S SN
DEVELCRPZD/SUPZAYVISED BY Ricumy vonidrom S0 <am | Dk AudERe~ DATE ()2 ¢ o5
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/}B . Wwell No. VR
Arthur D. Littie, Inc. Installation Date CR- -y
WELL DEVELOPMENT REPORT Development Date 5 -r. o5
Client 56_7&} Ia./a/zc; Case No.
Project AMTL Location (Water tocwn, LN i
Depth to Screen Bottom /é'_‘;/ Water Level (Relative to Tep of PVC Casing; |
Before Development é. !
’ ‘:— /
Screen Length /0 "| 24 Hours After 22
WELL VOLUME
0.6545 [DEPTH SCREEN BOTTOM -- DEPTH WATER]
0.6545[( /6.5 )~ ( 6:23 )=( é-72 )GALLONS.
ANNULAR VOLUME (30% POROSITY)
1.571 [DEPTH SCREEN BOTTOM -- DEPTH WATER]
1571 165 )=( 6.-23 )]=( /&-/ )GALLONS
WATER TO BE REMOVED
(WELL VOLUME + ANNULAR VOLUME) x §
K ¢.72 )+( 16/ Nx5=( //Y )GALLONS
MEASUREMENTS
BEFORE DURING DURING AFTER
pH 6.9 G- 8 697 .92
CONDUCTIVITY 69z Ez0 B¥g gzs
DEPTH TO SEDIMENT:  BEFORE AFTER
TYPE/CAPACITY OF PUMP  Llouw Moz 1% " model Z/ 227 [5,¢5,'M\)
PUMPING RATE RECHARGE TIME 5 srin
TIME TO DEVELOP WELL E:20 Am - 1C0:2¢ Am Z bovrs
COMMENTS ON WATER REMOVED
W. L. Erom HVC ref ¢ 1% "
!
DEVELOFED/SUPZRYISED BY DaATE 5’4:{/38 i
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SN . i Weii Ne. - @22
7/ ib:xfihui‘ D. L]tt]e. InC. ) i]ng{a“aﬂ:h Sate ;/”?3/?,
WELL DEVELOPMENT REPORT (Developmen: Date 27/53
Client /gv ; ( T Case No.
Project AmTL Lecation (o ey Foee o JiiA
Depth tc Screen Bottom /6.0 / Water Lavei (Relative tc 7t cof PYC Casing)
Before Development E.&7
= e V] ‘
Screen Langth oM 24 Hours Aiter L
WELL VOLUME

0.6545 [DEPTH SCREEN BOTTOM -- DEPTH WATER]
0.85845[( 160" )= ( B8/ ) =( 47/ )GALLCNS

ANNULAR VOLUME (30% POROSITY)

1.571 [DEPTH SCREEN BOTTOM -- DEPTH WATER]
1571 /6.0 )Y=( &8/ Y=( /l.30 )GALLONS

WATER TO BE REMOVED
(WELL VOLUME + ANNULAR VOLUME) x §

[ 47/ )+( 30 )]x5=( Bo.os ) GALLONS
MEASUREMENTS
BEFORE DURING DURING AFTER
pH 7.53 7.5/ 7.49 743
CONDUCTIVITY 8y 5 Yo 557 >¢
DEPTH TO SEDIMENT: BEFORE AFTER
TYPZICAPACITY OF PUMP  FLy, mor (%" plede] 271322 [ s0edion)
PUMPING RATE RECHARGE TIME 5 i
TIME TO DEVELOP WELL s/ Ay - /oo 2 houvrs
COMMENTS ON WATER REMOVED '
’ . "
Deoti 4 umta g 3" &g’

yd o ~, ~
= 7 ~ z
A R R WP R B R L et § AL gl e =~ =l =/ \\ - T/~
DEVELOFED/SURERYISE Y / s, DA - v =2
— ] = 9 (, _’{4;‘ ~ ":-//;,/ g e - 7/ o G
¢ :
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4 LT i ' 1 L H o
. I.; :I M 3 I 5 . . : : i R !

'[\L . Well No. === /M-
/5'_‘ Arthur D. Lﬂ'E*e_.-_ Inc. o Instailation Date
WELL DEVELOPMENT REPC 33 Seveiopment Se 27758
Cilent £FE 5 ~ iCase No.
ProIo%t (Jade, fomn, AMTL |-ocation
Denth to Screen Bottom 26 ' ‘Nater Level (Reiative to Top of PVYC Casing)
T NRoo oS
Before Development R2. 65 “limk
4 13 c__l @\)Q_.)/’/""
Screen Length 4 24 Hours After hiiied DI

WELL VOLUME

0.6545 [DEPTH SCREEN BOTTCM -- DEPTH WATER]
06545 [( 26.0 )~ (23.465 ) =(2 /5Y)GALLONS

]

ANNULAR VOLUME (30% PORCSITY)
1.571 [DEPTH SCRE=N BOTTCM -- CEPTH WATER]

WATER TO BE REMCVZED
(WELL VOLUME + ANNULAR VCLUME) X 5
(1L5Y )+« (34372 )]x5=(28+73 ) GALLONS

N i R & . !

MEASUREMENTS
-
BEFORE DURING DURING AFTER
pH 9.7 %.15 7.9 790
CONDUCTIVITY AES 170, 0 770 2300
DESTH TO SEDIMENT:  BEFORE AFTER

TYPEICAPACITY OF PUMP  flypys o X P REN - 3950
V4 - - N

PUMPING RATE ' RECHARGE TIME 30/71«%

3 & Z rf rereT @ -
TIME TO DEVELOP WELL G CO Am Sy — £ 9S %/ S84, 00 S
COMMENTS CN WATER REMCVYED

quw’.).ﬁ [ oe ! A2 g (f;V‘?A*,’J-d'; S/ nez dr}ﬂ:‘ns Lda <~ aT
1R2. 7 Ze.7 ' d
2 il Lllae
- / ~
N 74 == ™ =
b 3/ILOPED/SUPIRVISES 3’-//%!;:/3/4; foes Atz /)L /55
e - ‘ \ o 7

H : ; . ! . . : : ;
) - V _ ’ - N - - - - - - - k‘-
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Wwell No. N =N

/]BArthur D. Little, Inc.

installation Date G /re/se

WELL DEVELOPMENT REPORT

Development Date [,/ /%

Client =/ ,;6__ Case No.
Project /‘1/7’171/ Water tow Location M A
Depth to Screen Bottom :,\/ ; Water Level (Relative to Top of PVC Casing)
Before Development 289
Screen’ Length %e; 24 Hours After 2¢.69
WELL VOLUME
0.6545 [DEPTH SCREEN BOTTOM -- DEPTH WATER]
06545 [( 27 2 )= (285 )=(4.05 D) GALLONS
ANNULAR VOLUME (30% POROSITY)
1.571 [DEPTH SCREEN BOTTOM -- DEPTH WATER]
1571 [(39. 7 )= (2S5 )N=(9,7Y )GALLONS
WATER TO BE REMOVED
(WELL VOLUME + ANNULAR VOLUME) x 5
(4058 )Y+ ( 9.2y )Nx5=(68.99 ) GALLONS
MEASUREMENTS
BEFORE éunme DURING AFTER
)y -— -
pH 8.% 8-79 & 1
DR e 74 o
CONDUCTIVITY 425 20 ( [+ 76 /5
DEPTH TO SEDIMENT:  BEFORE AFTER
TYPE/CAPACITY OF PUMP /0 s v D K1 e ze 2
’ RECHARGE TIME - \
PUMPING RATE s
TIME TO DEVELOP WELL &y [ W00 P~ T hrs IS min
COMMENTS ON WATER REMOVED
. /’
I s - /; e .
DEVELOPED/SUPERVISED BY o DATE 207 2zl




‘ i i PR : H ki . T - (IO L ; | : _
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/lh X Well No. .S
Client  z: : - (n-.. Case No. Lias /
Project ' AN _ Location W ATER T w -
Depth to Screen Bottom /7 O,- Water Level (Relative to Top of PVC Casing)

- Before Development /0.2 _
Screen Length lo.o! 24 Hours After +&=2 4.7

WELL VOLUME

0.6545 [DEPTH SCREEN BOTTOM -- DEPTH WATER]
0.6545 [( [4.0' )=~( /o’ )=(5.4 )GALLONS

ANNULAR VOLUME (30% POROSITY)
1.571 [DEPTH SCREEN BOTTOM -- DEPTH WATER]
1571 (180" )=( s, N=(1.! )GALLONS

WATER TO BE REMOVED
(WELL VOLUME + ANNULAR VOLUME) x 5

(S99 )+(14t )Nx5=( ioc )GALLONS

MEASUREMENTS
BEFORE DURING DURING AFTER
pH (0. 30 g2z 5 .21 5.5
CONDUCTIVITY /L. /3Z 149 127
DEPTH TO SEDIMENT:  BEFORE AFTER

TYPE/CAPACITY OF PUMP m\fRe Yz u,P. 3450 RPua

PUMPING RATE RECHARGE TIME \$ waimcTig
- - 570f oo - . 3
TIME TO DEVELOP WELL 57ARY (Yoo bleo ° smz\fouo > w0 bz,

COMMENTS ON WATER REMOVED
'S 2 2D s

53 7‘{3 C/ ‘3. 5 G/Z(}’As?/f Lt f) V7] ;74)25 Ve T,
i ’ L, Or

Cimped 2 bbls

/

DEVELOPED/SUPERVISED BY L.HAU €. PEadite~ O ABRGEw €an) DATE G[-z' i
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Well No. M- JE

/“S_Arthur . Little, Inc.

Installation Date </,2/28

WELL DEVELOPMENT REPORT

Development Date 5/2/0g

Client EE s 6 Tdido Case No.
Project AMNTL Location  |ygtentocun, MA
Depth to Screen Zottom /50 Water Level (Relative to Top of PVC Casing)
Before Development ze?
. /
Screen Length /O 24 Hours After 2. 37

WELL VOLUME
0.6545 [DEPTH SCREEN BOTTOM -- DEPTH WATER]
08545 [( /S0 )~( 707 ) =(/2¥¢ ) GALLONS

ANNULAR VOLUME (30% POROSITY)
1.571 [DEPTH SCREEN BOTTOM -- DEPTH WATER]
1571 [( 2= )~ ( /=¥ )=(lz2.¢¢ ) GALLONS

‘ /5.0 7.7
WATER TO BE REMOVED
(WELL VOLUME + ANNULAR VOLUME) x §

K sirg )+(l29c Yx5=(88:2¢ ) GALLONS
MEASUREMENTS
BEFORE DURING DURING AFTER
pH 528 £ 7o £ Y2 Fco
CONDUCTIVITY /Yoo /3506 /306 /250
DEPTH TO SEDIMENT: BEFORE AFTER
TYPSICAPACITY OF PUMP  Llou, mary 1% pofel 2/322
PUMPING RATE RECHARGE TIME  o. /<5 ,5,/n
TIME TC DEVELOP WELL  7'204m - 2:/0 /221
COMMENTS ON WATER REMOVED
2
St /// droms
7
.~
DEVZLCFED/SUPERYISED BY ng(@/}'x} DATE 5/3//38




. - N . 4 . + T 3 - i Kl L N1 . 0 . - i " . i . . ¥
: ) i . : ' : R . s h R L . B . s . < oLy | K : :

| /1B | ] Well No. Mo -7
Cllent oo d 0 inane Case No. 6473
Project AT O Location WATERTzwN M
i Depth to Screen Bottom 3¢ o Water Level (Relative to Top of PVC Casing)
Before Developmentk 29
2% J P
Screen Length /fo.p ' 24 Hours After B3 2.
WELL VOLUME
0.6545 [DEPTH SCREEN BOTTOM - DEPTH WATER]
0.6545 [( 3%.0' )=~(29.2' )N=(59 )GALLONS
ANNULAR VOLUME (30% POROSITY)
’ 1.571 [DEPTH SCREEN BOTTOM -- DEPTH WATER]
1571 (¥~ )=( 190 N=(!4.1 )GALLONS
WATER TO BE REMOVED
(WELL VOLUME + ANNULAR VOLUME) x 5
(5.9 )+(i4.t JNx5=(id0-+ )GALLONS
MEASUREMENTS
BEFORE DURING DURING AETER
. : g =
pH &1 688 6,98 654 693
[
CONDUCTIVITY \q2.7 ARLD 193.9 423 IS &
WP we, S — ~ o
DEPTH TO SEDIMENT: BEFORE e AFTER e ST T S 7.3
TYPE/CAPACITY OF PUMP R, a4 EY2ISWw - SvBufrs: ok
PUMPING RATE  [hean | S5 54l RECHARGE TIME Puwfer, om risuccs
TIME TO DEYVELOP WELL 4141 <12e 2] 53 Enud 0745 tlz1)95
COMMENTS ON WATER REMOVED

OPED/SUPERVISED BY K!/&

(w7 :
- (" i . L 4 N -
T JAVTINC "‘\j,,/x.\;;k;:‘; Ge A DATE & l IR

hY
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/lB . . {'Neil No. mw- &
Arthur D. thtle_,_ inc. Installation Date »:i2!/%:
WELL DEVELOPMENT REPORT Development Dater | 21195
Client 496 o he Case No. " '
Project AT Location Ve s T i

Depth to Screen Bottom (‘H. o

Water Level (Relative to Top of PYC Casing)

Betfore Development 33.8¢
Screen Length [o,ol 24 Hours After 3557
WELL VCLUME
0.6545 [DEPTH SCREEN BOTTOM -- DEPTH WATER]
06545 [( Hl.o )=( 3:.5¢ )=(y,q )GALLONS
ANNULAR VOLUME (30% POROSITY)
1.571 [DEPTH SCREEN BOTTOM -- DEPTH WATES]
1571 [( Hlo )=( 35 N=( .3 ) GALLONS
WATER TO BE REMOVED
(WELL VOLUME + ANNULAR VOLUME) x 5
N =% )+(i,g )Nx5=(33.4 )GALLONS
MEASUREMENTS
4,52'}iﬂif
BEFCRE DURING DURING AFTER
pH b7 L. .80 .53 ¢.a,
CONDUCTIVITY 523 53 332 535
DEPTH TO SEDIMENT: ~ BEFORE___Hi: o AFTeER__ Lo’

[
TYPE/CAPACITY OF PUMP K,a . 54_2; Ed2Sw - uBmERS 5t

RECHARGE TIME

PUMPING RATE Jun (55 el

{/C’anUUQGQ vav\-‘qll‘;)L_

TIME TO DEVELOP WELL STap < 0§ :c%  (oftt ne? ’Tff," ¢33 Eed ORTT Ll
COMMENTS ON WATER REMOVED ,
T . L .~ . . _ vl
”:”\U* /-4 SIVT"{ <oy 6\*0-;.\4 . Sfffb.;f) CUT o~ ?sRSC ~ e k.ﬂ v ‘Sn(‘ ':(._‘-'\‘—'H T~
< wb‘{; A ST 1L NG
DEVILOPED/SUPERVISID BY K. iwidiire~ [L Harh | DAWDAsce (e29)  DATE/u




1

PR . B - R e . . - Sy . .
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/IB . Well No. m- gg
Al‘thur D. thtle, IDC. |nsta”ation Date % 572é
WELL DEVELOPMENT REPORT Development Date £ /= /go
Cllent E & s~ Tdoho : Case No.
Project AMTL Location Waterdowm
Depth to Screen Bottom 23.5 Water Level (Relative to Top of PVC Casing)
Before Development /9.6 2
Screen Length /0 24 Hours After /7. 98
WELL VOLUME
0.6545 [DEPTH SCREEN BOTTOM -- DEPTH WATER]
0.6545 [( 22.5 )=—(/4.6z )=( 5.8/ ) GALLONS
ANNUL,AR VOLUME (30% POROSITY)
1.571 [DEPTH SCREEN BOTTOM -- DEPTH WATER]
1571 [( 25.0 )~ ( s9.62 )1=( /e.30 ) GALLONS
WATER TO BE REMOVED
(WELL VOLUME + ANNULAR VOLUME) x 5
[( 58/ )+( 76-30 )]x5=( //253) GALLONS
MEASUREMENTS
BEFORE DURING DURING AFTER
pH 792 £.86 . 6-72 s
CONDUCTIVITY 790 /5 Zo /522 /53¢
DEPTH TO SEDIMENT: BEFORE___ AFTER
TYPE/CAPACITY OF PUMP Myers Ve HP RFr 3vso
PUMPING RATE ' RECHARGE TIME
TIME TO DEVELOP WELL 745 = 8/8 prm Ve bour
COMMENTS ON WATER REMOVED -
O mpek cond nuoss/ e
7 " 7
DEVELOPED/SUPERVISED BY DATE &4 /oo
EVELCPED/SURPERVISE ATE SR EE




WELL VOLUME

0.6545 [DEPTH SCREEN BOTTOM -- DEPTH WATER]
06545 [( /B0 )=( /0.0 )=(5% 236 )GALLONS

/h‘l i Well No. SN/
§ [ WELL DEVELOPMENT REPORT Development Date &,/ /0@
. Client £F & s 5_/ T debio Case No.
. Project AMTL Location W aderdown , M &
. Depth tc Screen Bottom /g d Water Leve! (Relative t¢ Top of FVC Casing)
‘ Before Development /00
' Screen Length /o’ 24 Hours After 709

ANNULAR VOLUME (30% POROSITY)

l 1.571 [DEPTH SCREEN BOTTOM .- DEPTH WATER]
1571 /80 )~( /0.0 ) =(/2.57 )GALLONS

WATER TO BE REMOVED
(WELL VOLUME + ANNULAR VOLUME) x §

(523 )+(/252 )Ix5=(&5902)GALLONS

MEASUREMENTS
BEFORE DURING DURING AFTER
pH g.-29 8-40 g.63 £.53
CONDUCTIVITY 2357 2.727 r¥li 260
DEPTH TO SEDIMENT: BEFORE AFTER
TYPE/CAPACITY OF PUMP [, floz 12" Model 2/z2%
PUMPING RATE RECHARGE TIME 75 ,;, i
TIME TO DEVELOP WELL 7' Y5 A - 2 oo G hrs /5 mminvtes

COMMENTS ON WATER REMOVED

DATE &/5/58

EVELOFED/SUPERYVI

©Q
in

. : ' \ { : . o A o 3 Lo
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L
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AB . . Well No. v =it
Al’thur D. thtle, InC. Insta“atlon Date C’J/I" ,S}g
WELL,DEVELOPMENT REPORT Deve[opment Datea/zx 1(‘/7_7_/351
Client E6 Q6 10mns Case No. PRTLE
projeg! wﬂtr*-“k Location wWATETTs W My
Depth to Screen Bottom /350 i Water Level (Relative to Top of PVC Casing)
Before Development 568
/ 5.98'
Screen Length /0.0 24 Hours After '

WELL VOLUME

0.6545 [DEPTH SCREEN BOTTOM - DEPTH WATER]
&P 5.0 ~
0.6545 [( 4% )—~( 35468 )=( &b.! )GALLONS

ANNULAR VOLUME (30% POROSITY)

1.571 [DEPTH SCREEN BOTTOM -- DEPTH WATER]
1571 [( i5s  )=( 565 N =(!4. )GALLONS

WATER TO BE REMOVED
(WELL VOLUME + ANNULAR VOLUME) x 5

I L.t Y+( 4o )Ix5=(10©4 )GALLONS

MEASUREMENTS ol \\ oz
DR A \ FRo™ T
BEFORE DURING . DURING AFTER
pH 5,85 9,04 5.0 L85
CONDUCTIVITY 15¢ 153 151 5

DEPTH TO SEDIMENT: ~ BEFORE__!3 -0’ AFTER__ 14 S~

ST RTED itk Rodin S HLSW SvhuciRa.ach, & T OB RA e
TYPE/CAPACITY OF PUMP T R T N R G L
PUMPING RATE | M ARTE T BRY wEre RECHARGE TIME /)5 mns .

TIME TO DEVELOP WELL $Tpa~t 16 G| ‘2’5’.‘—25,,%32;:'{257— o lons Gfay

COMMENTS ON WATER REMOVED

Im ~NUTEy Te ot vl

- vl [ a
MWy fuue SRy WG Qe waz ot

Samtent B ",, ’LL I R B T Spas pigy TR Vo L Fal TR Fae . Caop nw 7
Sha ALE Ab S AL Camiit d 3 ’
DEVELOPED/SUPERVISED BY R AdS $E2Duk Terd DATE (l21%%
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/‘B . well No. /M-/2
- Arthur D. thtle, InC. lnsta”at[on Date i‘/)y/gg
WELL DEVELOPMENT REPORT Development Date £/, /o2
Client E& ¢, Idahe Case No.
Project AmTL . |Location Water tocun , P14

Before Development 3L 92
Screen Length /0. 0 24 Hours After 32,049

WELL VOLUME

0.6545 [DEPTH SCREEN BOTTOM -- DEPTH WATER]
06545 [( 372¢ )=-(3/97 N=(3.56 )GALLONS

ANNULAR VOLUME (30% POROSITY)
1.571 [DEPTH SCREEN BOTTOM -- DEPTH WATER]
1571 32y )-( 2/-9% )]=( 8.53 ) GALLONS

WATER TO BE REMOVED
(WELL VOLUME + ANNULAR VOLUME) x §

[ 3.55)+(8.53 NIx5=(40 ¢ )GALLONS

MEASUREMENTS
BEFORE DURING DURING AFTER
pH 6.55 6. 60 6.52 &.25
CONDUCTIVITY /2// /72¢S /729 1692
DEPTH TO SEDIMENT: BEFORE AFTER
TYPE/CAPACITY OF PUMP /’ﬁ‘/zrﬁ s HE R Pl 3y s
PUMPING RATE RECHARGE TIME SO i
TIME TO DEVELOP WELL /O Ann -~ 2130 Pun T Yl bours

COMMENTS ON WATER REMOVED

Citled 173 Devms ol Ak devtloppont  dr

AN

N
oy
L1y

.

viSE - g )
=\l DERY A -
DEVELOPED/SUBPERVISED B’\Y ,/Z’Z’ L/Z//// . CATE
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/lh ) . 4 - I'Weil No. v |z
Artn_ﬂ‘&_{f’ D. Liitle, Inc; - {Installation Date &/ [<¥
Client oo " - Case No.
Project v e T Location T e - M
Depth to Screen Bottom Z/ 5 ! Water Lavel {Relative to Top of f’VC Casing)
Before Deveiopment 13.9
. t

Screen Length /O. a! 24 Hours Aiter L2295
WELL VCLUME

0.6545 [DEPTH SCREEN BOTTOM - DEPTH WATER]

06345 (2.8 )~ (13" )N=(5.© )GALLONS
ANNULAR VOLUME (30% PORCSITY)

1.571 [DEPTH SCREEN BOTTCM -- DEPTH WATZ=S

1571 (20 )=-( i3 )N=(!13.4 )GALLCNS
WATER TO BE REMOVED

(WELL VOLUME + ANNULAR VOLUME) x §

[(5e )+( i34 Nx5=(94.§ )GALLCNS
MEASUREMENTS

BEFORE DURING DURING AFTER
pH S ST < 7 Sy 4 (AU
CONDUCTIVITY s LA 3 1 iz

DEPTH TO SEDIMENT: BEFORE AFTER

TYPE/CAPACITY OF PUMP iiofiim Evoid™  Gupaie o | 512 Ciw

PUMPING RATE S ¥ - .cony/350C40 RECHAAGE TIME - ™~ :‘_w' :
TIME TO DEVELOP WELL ~ma e Y R A el

COMMENTS ON WATER AEMOVED

. . e W . e . B

DIVZLOPEDZ/SUPERVISED BY 2= 7 - e - DATE
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Well No. M-y

/!BA,rthur D. Little, Inc.

Installation Date 5/ e

WELL DEVELOPMENT REPORT

Development Date 5/7; /gs

Client F 6% C  Tdibreo Case No.
Project AmTL Location Water bocim , A
Depth to Scrzen Bottom 250 ' Water Level (Relative tc Teo ¢f PYC Casing;
Before Development /5.52
Screen Length /o 24 Hours After /226
JWELL VOLUME

0.6545 [DEPTH SCREEN BOTTOM -- DEPTH WATER]

06545 [( 2z5.6 )=~ (s532 )]=(G.36 ) GALLONS
ANNULAR VOLUME (30% POROSITY)

1.571 [DEPTH SCREEN BOTTOM -- DEPTH WATER]

1571 (250 )=(/5.32 ) =( /5.2/ ) GALLONS
WATER TO BE REMOVED

(WELL VOLUME + ANNULAR VOLUME) x 5

[(€.36 )+(/5.207)]x5=( /07.8%) GALLONS
MEASUREMENTS

BEFORE DURING DURING AFTER
pH 7.2z 7.10 g éc ¢ 42
CONDUCTIVITY 30z 25 e ¥73

DEPTH TO SEDIMENT:  BEFORE AFTER
TYPE/CAPACITY OF PUMP L L, maxy 12 7 Jedel 21327
PUMPING RATE RECHARGE TIME Jo
TIME TO DEVELCP WELL  9:30 A1 =~ Z:30 fPim S hevrs

COMMENTS ON WATER REMOVED

Vs ~ -
DEVELOPED/SUFERVISED BY (%,& Z7 ) DATE F//1/25
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/N Arthur D. Little, Inc.

APPENDIX D

Water Levels




NOTE: Hole COl was not completed as a monitor well.
by grouting from 78.2 feet to surface.

' B S W Eh N OGN BN U OGN TS UE o0 SN B BN am B =

/AN Arthur D. Little, Inc.

It was abandonded




.

ARG TRY B LIy S
| aEm am

!

i : R e Lo

' z i - ] ; ; s
B B B B B O

/]BArthur D. Little, Inc.

GROUNDWATER MONITORING REPORT

Well No. c-2

Page / of

——

Date Installied 3

Client EG.g G ) Id@hO,I/JC»

Case No.

Prolect AMTL (yater fown, MA

Location

C-2

Measuring Point

¢ .
i

Equipment Used
Tohnsow water marker elecénic waber

DESCRIPTION (i, leve/ £aoe
“ }
ELEVATION 372.99
ELAPSED | MEAS. [ WATER | WATER READ
DATE | TIME TIME* | POINT | DEPTH |ELEVATION REMARKS BY
' d{T. ol £ debermive -

41 /88 | 8130 Fre |azg! it ot o oo ling of probe | 7KL
¢/;/88 | 3:38 32"

Sbbﬂ% 0 mende | 3V 14" C8m
13 bl | 21030 | 5.86 B

*DAYS SINCE WELL INSTALLATION




/‘BArthur D. Littie, Inc.
GROUNDWATER MONITORING REPORT

well No. (0 03

Page { ot ¢

Date Installed

Client ECiG Thaw Case No.
Project Do ) AqBE o Location
Measuring Point y Equipment Used les
DESCRIPTION /%M«’V{&w Eﬂxht%:t“ &uef e
ELEVATION A

ELAPSED | MEAS. | WATER WATER READ
DATE | TIME TIME* | POINT | DEPTH |ELEVATION REMARKS BY
s R Y (B
*DAYS SIMCI WILL INSTALLATICN
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/IBArthur D. Little, Inc.
GROUNDWATER MONITORING REPORT

Well No. fiw - |

Page / of

Date Installed S//5 /5%
. 7 i
Client ¢, 6 DA, In <. Case No.
Profechmr Whrk2rov~, uif- Locatlon uv -y
4 -
. Equipment Used . - .

Measuring Polrtg W{ﬁf’f%: %“&Cﬂ WATRD ARl Blicr@ic vl
DESCRIPTION _§ geurs> vt v LEw EC TAPE

ELEVATION 29.72

ELAPSED | MEAS. | WATER | WwaTER READ
DATE | TIME TIME* | POINT | DEPTH |ELEVATION REMARKS BY
Slhofgg (015 | 7 |620%e| 6.7 beagnte, Schef P | B D
5/23/p0 |09 5 |Grwzse] 700 G.S. Awpeex. TH L
mag)x oM R
5‘/2?/38 Q:5% b pvc (W) | 6.23 .0 F.
5/38/88 |8:15 7 m.p oal| £ 15 et pREw=l | A
s/7c/8 |Bizo | 8 "L |6.os” [ pror & developmantt TR0/
513 [s¢ §.20 12 "o |e.01® T0 5
£ ow &

clefps  |2:58 | 8 rve |6!37% TR
Clalw (1035 | 3 mdhdo | =y 3 cam
1135y 45 loobde [TiSta | 17,42 B

*DAYS SINCE WELL INSTALLATION
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/]BArthur D. Little, Inc.
GROUNDWATER MONITORING REPORT

Well No. ¢/ - 02

of

Date Installed $/23 /a8

Client -

£.6+G Zoewo,TNG.

Case No.

Project gmr.

nreRTOMN |, fYIA

Location

or GRASS | MLbNG FeNEL
8totr. 292,

SOUTH CENTER gp

Measuring Point

DESCRIPTION _Z6#_ o~ PVC v,

Equipment Used

m - Scopt (£LLeTRIC H,0 METER)

ELEVATION 240y
ELAPSED | MEAS. | WATER WATER READ
DATE | TIME TIME* | POINT | DEPTH |ELEVATION REMARKS BY
yo® oF ,
s/vz/aa $:10 |6 was. pve 8.85 AL F
Y o ’
s’/.z‘i/ae I.H-¥-1 ! :vc, (n) | 8.89 T F
5/35/55 jo:45s"| 2 m-R 8.8/ TR/
s/ pBz 85| 3 me |2 03 72 L
iy leg |30 7 m.P. 8.68 So L
(/cle8 |32 b P |9 K" ——
eingle wus | g marde | 1of 2% CBm
=135 33 edde | 1089 | 12 65 CBm

*DAYS SINCE WELL INSTALLATION




/IBArthur D. thtle, Inc.
GROUNDWATER MONITORING REPORT

well No. /-3

Page of

Date Installed 6 //3/58

Client Eé‘ s‘ G

Case No.

-l

Project AmTLI Wq,{er'zlqdf\

Location

Measuring Point
DESCRIPTION

!

Equipment Used

| i ELEVATION = é.}
a ELAPSED | MEAS. | WATER WATER READ
DATE | TiIME TIME* | POINT | DEPTH |ELEVATION|..f,, REMARKS BY
. ang.s, , wel noa‘.fom e ted ov
l Wl | s malds | 3377 ( B
Dlzlss mbds [3395 | /2,88 (B

¢ E , . ;. K ‘ . . p |
' I S . . .

‘-

*DAYS SINCE WELL INSTALLATION
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/IBArthur D. Little, Inc.
GROUNDWATER MONITORING REPORT

well No. M-

Page of

ettt

Date Instalied

Client E&f & Case No.
Project Location
O AMTL lwader fxon
Measuring Point Equipment Used
DESCRIPTION
<
ELEVATION jé' el a
ELAPSED | MEAS. WATER WATER READ
DATE TIME TIME* POINT DEPTH |ELEVATION REMARKS BY
) G S. Surface & ol comphe L

G//L//ss b:1s Approx deve 4 TE W
Ll |1ves e | 38' 55 (i
’75(2}%& nehde | 39055 | T 3% A

*DAYS SINCE WELL INSTALLATION
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/lBArthur D. Little, Inc.

GROUNDWATER MONITORING REPORT

Page i

well No. M5
of

|

Date Installed

Client

E616 , Tdaho

Case No.

Project AMTLI (A.Ja,Ll&’ fown

Location

Measuring Point to muke cloy.

DESCRIPTION

Equipment Used

E\,géﬂ(_ w&‘}"’i‘ \'Q‘IQX M\'U_

ELEVATION /£.923

ELAPSED | MEAS. | WATER | WATER READ
DATE | TIME TIME* | POINT | DEPTH |ELEVATION REMARKS BY
73 )% rehde [j0933 | G p2 B

*DAYS SINCEZ WELL INSTALLATION
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ABArthur D. Little, Inc.
GROUNDWATER MONITORING REPORT

Well No. e - oo

Page _/ of

Date Installed < /27/&

Client L6+ C Tommo Lve. Case No.
Project ! Location ‘<’ LJesi o2 €3 sm S E. CEANEL Fy
AITL  poserenzovsm, A . , S £ GrrE S or Coicrses

Measuring Point

Equipment Used

DESCRIPTION
ELEVATION aa=
ELAPSED | MEAS. | WATER | WATER READ

DATE | TIME TIME* | POINT | DEPTH |ELEVATION REMARKS BY
sfarlos | 1230 © v 7.5 T
/s A‘“’ B:5¢ 4 r:::yco; 7.07’ T F
¢/c/88 |4:15| o mP. g 9%” developed o~ C/3 7Re)

Chalss | eS| 33 e | @) 7! C&m
]2 37 ronkde | g jul, 3, 8/ (Bim

*DAYS SINCE WELL INSTALLATION
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/lh . ' Well No. 407
Arthur D. thtle, Inc. Page y of {
GROUNDWATER MONITORING REPORT Date Installed
Client EG‘*C" Tdoro T Case No.
Project P\\WWGTEE‘D@M Locatlon
Measuring Point M urhci Equipment Used o
- ..‘\ Sr—

'DESCRIPTION Elechic wdrr lo! et
ELEVATION 3%35/

ELAPSED | MEAS. WATER WATER READ
DATE TIME TIME* POINT DEPTH |ELEVATION REMARKS BY
R mable | 39,407 C&m

*DAYS SiNCE WELL

INSTALLATION
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/lBArthur D. Little, Inc.
GROUNDWATER MONITORING REPORT

well No. ™MC%

Page _ |\ of

Date Installed

Cllent

R

Case No.

Project M\TL\ wﬁm‘\\_

Location

Measuring Point Morle

DESCRIPTION

Equipment Used

E\&&Y'\L. (_\}(JF«‘ \‘QJ;:.\ N\-’r\ﬂ—

ELEVATION -¥5

ELAPSED | MEAS. | WATER WATER READ
DATE | TIME TIME* | POINT | DEPTH |ELEVATION REMARKS BY
')\G)S% mecde | 23707 CRm

*DAYS SiNCE WELL INSTALLATION




/IBArthur D. Little, Inc.
GROUNDWATER MONITORING REPORT

Well No. - 09

Page /ot

Date Installed mpy 24, /988

Client EGr 6 fﬂ"”o ,I’(& .

Case No.

Proj - L i
°’e°t/7/)7//, Wk ioent, MR, ocation

Measuring Point Equipment Used

DESCRIPTION
' =z
ELEVATION 3?' °=
ELAPSED | MEAS. WATER WATER READ
DATE TIME TIME* POINT DEPTH |ELEVATION REMARKS BY
q0p OF
(/3//85 9:07 s pyc /962" E s
GL[88 |33 | w mePe g iy TR
ol oo | oH [ mee |d! 3k (8m
Al 35 |l | 1T | 20,26 R

*DAYS SINCE WEZILL IMSTALLATION
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/lBArthur D. Little, Inc.

GROUNDWATER MONITORING REPORT

Well No. #-/0

Page _ { of

Date Installed Ju~e /, I7EE

Client

LE $C. Tpamor Troc.

Case No.

Project/ﬂ,,/,z Ajf#r&ﬂoud’ ”7/4-

Location ~4/- o7
ANed 0~

CormpPeex

Zlpe FTRYE

Measuring Point

DESCRIPTION __ Marns_op PVC

Equipment Used

p7-ScoPe Feets7Te o & I e
ELEVATION '32"3 é
ELAPSED | MEAS. WATER WATER READ
DATE TIME TIME* POINT DEPTH |ELEVATION REMARKS BY
mnax c-/ ’ ]
6/9/5'9 jy-20 pve(w| 1Y T
Lloalss | 11eo mahle | o' 5% o
D \ f”B‘S’b’ Mmm‘l | o0 R

2,86

*DAYS SINCE WELL INSTALLATION
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/]&Arthur D. Little, Inc.

GROUNDWATER MONITORING REPORT

well Na. M il

Page \ ot

T —

Date Installed

Ciient E% 3‘(’%;&

Case No.

Project futi WarEewton

Location

Measuring Point

DESCRIPTION

Equipment Used

E e Lorr ke prs b

ELEVATION //' 0/
ELAPSED | MEAS. WATER WATER READ
DATE TIME TIME* POINT DEPTH JELEVATION REMARKS BY
Sl el | GO | 4,89 C&n
AN ‘ 7.9
*TAYS SIMCI WILL INSTALLATIC
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/]BArthur D.‘Little, Inc.

GROUNDWATER MONITORING REPORT

Well No. m 2 ?/_;’

Page / of

Date iInstalled

projECt /ﬂf/’L /Jﬂfé'/[701-)/¢, ”7/; . Locatlon
Measuring Point Equipment Used
DESCRIPTION :
®
ELEVATION 28. 52
ELAPSED | MEAS. WATER WATER READ
DATE TIME TIME* | POINT | DEPTH |ELEVATION REMARKS BY
oAD. !
f/u-/BB 7:30 sut?. 32.05 7R
oF
s/ /68 |85 Tre 30.97° Rm?s
« * 4
6/6/88 |3:47 mB 32 % TRW
blaales | ireo mande | 231 %’ 35 ppm CRM
7\43&; ranhole 22135 é, g & e Br

*DAYS SINCE WELL INSTALLATION
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/IB . well No. M3
Arthur D. Little, Inc. Page of |
WATER - —

GROUNDWATER MONITORING REPORT Sate Installed
Client T (4G ThHak Case No.
Project P&M(TL \J\Jmﬁ_mw_\ Location
Measuring Point Equipment Used
DESCRIPTION Elatne (el Ll =B
ELEVATION 3530

ELAPSED | MEAS. | WATER WATER READ
DATE | TIME TIME* | POINT | DEPTH |ELEVATION REMARKS BY
ilsy mnde | 13088 | 27, /) chn
"TAYS SiNCZ WELL INSTALLATION
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/lBArthur D. Little, Inc.
GROUNDWATER MONITORING REPORT

Well No. » o - ¢

Page / ot

Date Installed s’/.w/f;s

Client

LG Tl Lpano, Lme.

Case No.

Projec

t/”/" 7L P wrii roes W 743

Location
s

. ZJ~ Cozmert o Bese. 24

Measuring Point

DESCRIPTION _g2* o~ F/C

Equipment Used

ELLerrre H & //h;‘/éx;&.
(rwr-scome)

Vo
ELEVATION 35079
ELAPSED | MEAS. | WATER WATER READ
DATE | TIME TIME* | POINT | DEPTH |ELEVATION REMARKS BY
SLIRFALS P
stzofee  |iios e ceevarna | 10:32 Lo, £,
; vl 76575 PV —_—
5/23/5p | oge Al E E S ppproa 7,
mARK o~ }
5/:4/58 Joio® 4 pve (W) | 16.29 T F
25/88 |13:30 s m-F | a5/ TR
5/%/88 8 00 6 ’nD.VP.‘fO'\ /5" 3 2 /DOJ/;/Q Cl:’@ckzﬁa‘//’i.‘,‘ﬂt’rﬂ»«%‘ 77/{“)
s/31/88 |9us 10 22 |lu. 30 Tera
clo[88 |24 | e |BEe- [isen” Aoty SL 5 |7l
Glaalss | s o5 mande | \mi 5" (B
~ [k 03 mabde | (0.085 Bm

*DAYS SINCE WELL INSTALLATION
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A Arthur D, Little, Inc.

APPENDIX E

Hydraulic Tests



NOTE: Hole COl was not completed as a monitor well. It was abandonded
by grouting from 78.2 feet to surface.
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Unit# aodog Testk 3
R15186 =
IMPUT 1: Levwel ¢F» TOC

Feference @. 6@
Seoale factor 166,86
Offzet .83

Ster# 6  95-23 11283

Elapced Time Value

a.aaee a.e0
2. 8a33 @.44
/. 8Rehs 1.14
@, eqe9 Q.89
@.a133 @.89
g.el16é £.47
@.a268 a.ee
€.8233 @a.7v3
. 0266 ' @.83
B. 08308 1.23
B8.6333 1.90
€, 65ee 2.94
B.0€55 2.4}
8.8833 2.28
8.1660 2.16
8.1166 2.86
- @, 1333 1.97
8.1568 1.99
o, 16€6 1.81
B8.1833 1.71
B, 2006 1.85
0.2166 1.58
93,2333 1.49
B.25006 1.43
R, 2e66 1.386
8,2833 1.38
@.2eaa 1.23
8.3166 1.26
8.3333 1.14
B.4167 8.8%
2.5900 B.63
a.5833 @.47v
A.6667 B.41
8, 7oan 8.3¢
B3.8333 B.31
@.,91:7 3.31
1.08663 .31
1.6333 ‘ 0,25
1.15657¢ B.23
1.2908 3.23
S R @.28
1.41¢65 €. 28
1.59a9 8.28
.1.5833 8.2%
1.66£7 8,25
1.75a@ @.2%
1.8333 @.2%
1.9187 2,25
ey < 15115 a.2%
2, Soea B.25
2. Baas 2,25
2.5800 2,22
g, GhnG 6.2z
4. 5000 a.2z
L Jaials 0,22
g SE6G G, oz
2 5l 8,19

- L]
- a b
N XY RV

. "

»

Al ot o R )
g M

o
[ el |
'»D -ly .-0 '*.D .\c' ‘“D Q_D .

)

(9’7

Unit4 paone  Teotd 2
FaLLNG  C-2
INPLIT 1: Lewvel ¢Fy TOC

Refzrence .60
Srale factor 168,86
Offzet 8.80

Step## @ G623 1@:50

Elapsed Time Value

8, 08606 - 2.54
98,8833 - 2.32
B, RERE - 2.83
8.8699 - 1.68
a.68133 - 1.43-
B.8156 - 1.58:
&,82600 .. - @.,85
13,8233 - 1.14,
7a.6266 - B.76
a.8300 g.66
a,8333 - 8.79
&, 65e0 - 8.5
8. B866 - B8.41
. B.BS33 - B.38
a. 16606 - @3
8.1146 - B8.28
8. 1333 - 8.25 .
8.1560 - @3.25
B8. 1666 - @.22
5.1833 - 8.22
9. 2865 - B.1%9
B.2166 - A.1%
W, 227 - 9,19
@, 25640 - @.13
B.2686, - W15
93,2333 - 8.1z
a,330a - B.1%
@.3168 - 4,15
8, 3333 - Q.15
8.4167 - Aa,15
a,5ae6a - @.15
@.58z3 - /.12
3,667 - 8.12
@, 7voae - .12
a,3333 - /,1z
@, 3167 - a,12
1.e8308 - 8,12
1.8833 - 8.12
1.1667 - 8.1z
1,258 - §.89
1.3333 - 3.8%
1.4164 - A,69
1.5003 - 2.93
1.5833 - @69
1.6667 - 3,82
1.7%a6 - 8,839
1.2333 - &,8%
1,8167 - 8,82
2,898 - g,8%
= 50E - B.59
Z.00na - 9,83
Z.SanG - 3,88
<, @oan - 3.8
4, 5800 - B.8€
5. Ba0E - B.R8&
5. S50 - .08
&, aBaG - B.8&
£ SO0 - @.65
7. 8006 - 8.0a
V. Soan - 8.e&
2.08200 - .86
£, 5060 - B.G3
S, anpe - .83
=, 5005 - B.83
15, ooRG - 8,67
1 Z . F0007 L7

Weston Geophysical




Unité DO0008 Tests 1 Unité 00650 Tectd @
o Risiie €=z i FaInG - -3
' INFUT 1t Lewel ¢F3 TOC | INPUT 1z Lewel C<FY TOC
{
y | Reference 8.e0 ! Reference 8,60
' Scale factor 16, 86 | Scale factor 183,66
Dffset e.08 Offset 2.608
: Step# @  OGE-23 @8:ZE Step# &  B6-27 03:85
l Elarpsed Time Yalue - Elapced Time Yalue
, @.6000 1.68 8. 8800 - 2.32
, @. 8633 8.73 @, AR33 - 2.47 2
| @.enee e.gg G ABEE ¢ T = 72,76 o<
‘ 8.00%9 9.82 . 00899 - 2.67 .
@.6133 1'33 2.9133 - 2.44
. @.8166 2.0 : 8.0166 - 2.22
: _ . 0.06200 2.76 __ 0.06206 - 2.18 TN
8.8233 2.88¢ | 0. 8233 - 1.%7 (T
£©.68266 2.63 : [ - 1.82
. 0.8300 2.5% . &, 6366 - 1.55
l 2.8333 2.54 6.68333 - 1.7
g | 8. 0500 2.32 3.8500 - 2,32
©.8666 2.16 _8, 0666 - 1.84
| - 0, 6533 2.83 8. 6833 - 1.58
0.1600 1.90 8.1600 ~ 1.46
. 8.1166 1.81 8.1166 - 1.33
8.1333 1.71 @.1333 - 1.3@
g.isag 1.22 2.1500 - 1.23 |
. AEE . 1. ~ £.1666 - 1.14 | o
l a1 AF 1las @, 1633 D Tes . S
8. zeoa 1.36 0.20680 - 1.1
@.2166 1.27 2.2166 - 8,98 |
@.233 1.2 | 8.2333 - @.92 -
l @, 2500 6 114 @. 2568 - .85
0.2666 (7 1.88 8. 2666 - g.82 !
6.2833 1.84 . 6.2533 - B8.76
@, 3006 8.98 8.3098 - 8.7%
I . 3166 @.95 6.3165 - A.€9
8.3333 0.89 | £.3333 - .66
0.4167 @.69 | B.41€7 - 8.50 [
2.5000 8.57 6.5686 - @.41 |
- #.5833 8. 44 ; 27,5833 - B.34 :
' B.6667 @.38 ! 6. 6E67 - ©.28
i @. 756G @31 8. 7500 - 8.22
6.8333 @.25 @.8333 - 8.19
. 0.9167 .22 6.9167 - 8.15%
. 1. 0008 6.19 1.0008 - 3,15
- 1.8833 8.19 1.6833 - B.12
- 1.1667 a.15 | 1. 1667 - 8.12
1.2505 8.15 1.2500 - 8.12
l 1.3333 8.12 1.3333 - 3.99
- 1.4166 6,12 : 1.4165 - 13,83
L 1.5606 .12 ) 1.5983 - g.82
1.5232 g, 89 : 1.5223 - 13.89
, 1.6667 g.00 1. 6667 - 2,89
. 1, 7506 .09 1, 7560 - &,686
1.8333 B, 69 LOITT - .86
1.9167 3. 05 1.3160 o 8.8
2. 600 @. 63 R -+
l Z.s00 €. 8¢ e oo
8 3. B0 2. 63 ;4444 = dE:
3. 5a00 6.63 4. 6903 - .63
4, 805 e.83 S - 2.63
l 4, 5606 8.3 =. Goa - £8.63
. S. Gacn 6. 67 5. 5539 - 92.83
. 5, S660 .63 K. BEA0 - 9.83
£, GE60 9.53 €. 5000 - @.ex
' £, SE00 &, 0d 7. Qa0 - .3
7. G0 €.83 7. oo - 2.8
7. S0 G, G 2. 3503 - 8,83
. &, eang a, G 7. 5065 - .63
5. 5000 8, o . @060 - 6.63
.' N F. @0 TS0 - B.93
5 o, i 1, area - @.a3
- MG G, @ 12,6068 - 8,62
I 1T B0 8,85 END
mer.
READY Weston Geophysical
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Unlt# GBEZI

Test# i

RISING
INFUT 13 Lﬁuel (F) TGz
Referznce 8.99
Scale factor 193,86
Offset 8.6a
Step# @ 86728 @9:37
Elapsed Time Yalue
8, 206 1.62
. aesl 8.56
B.8066 1.84
a.8e099 2.38
- 8.8133 2.92
@.el66’ 2.78
-8.8200 - 2.67
8.8233 - 2.63
9.0266 2.608
-8.6302 2.57
8.a333 2.51
- 8, 8560 2.35
B.0€66 2.22
8.8233 2.06
- &, 16080 1.93
B.11€6 1.81
0.133 1.£8
-a.150a 1.55
0.1666 1.46
0.1833 1.33
. 8.2a060 - 1.23.
8.2166 1.11
8,2333 1.61
8. 2560 8.95
B.2¢E5 8.85
@,2833 8.79
- B, 308G 8.73
B.3166 8.6
8.3333 @.66
B.41€7 2 8.47
- B.5008 B.41
B.5833 B.41
@, 6667 . a8
- B, 73508 8.34
9.8333 .34
8.8167 Q.34
- 1.68080 8.31
1.8833 a.31
1.1667 8.31
1.2500 &.28&
1.3333 8.22
1.4165 8.23
1.50088 8.28
1.,5823 8.22
1.6657 ©.28
- 1,755 g.25
1.8333 8.2%
1,917 g.25
2,860 @.2s
2.5604 a.22
3.8000 8.19
3.5600 @6.19
4.0239 8.19
4.5660 8.15
&, 600 B, 15
5.5606 8.12
. BORAE B.12
€. 5666 8.12
7. 0600 .89
7. 50806 8.82
&, a6aa &, 6%
B.S000 8.69
€. 3o 8.69
2. 5660 8.589
16, oaon &. 6é
END

. ur<~quigitkﬁ1tf"'~v.

S Unit# pEssl Testh B
FALLIN, Ng M-of ’
IHPUT 1! Level (F2 TOC
Reference CE.88 -
Scale factor 184,86
Offset &.60
Step# B DE/28 89:124
Elapeed Tine Value
@, 6053 - 2.83
ﬁ.BUu\.\ - 1.98
ﬁ B&?T - 2.98 ..
8.8133 - 2.12-
8.8186 - 3.36 -
@.ezaa - 3.14.
8.0233_ - 3.11 .
T B.9266 - 3.24
8.0300 - 3J.14 .
B.6333 - 2.86,
T B.8656 - 1.36 ]
&, 683 - 1,23
. @.1960 - 1.84 7
. @,.11686 - @.92 -
@.1333 - @92 7
a.1562 - @.85
B. 1566 - B.82.
6.1833 - B.76
6. 2006 - 8.73 i
6.2166 - Q.73 7
7. 2333 - @8.69
.25 - D.ES
Q. 2568 - @.66
6.28323 - 9.63
&, Te6a - B.63
8. 3166 - B.63
g, 3333 - .68
B.41€7 - B.:B
8.5660 - .57
&, 5233 - B.54
0. EEET - 9.98
8, 7S66 - f.47
@,8333 - a.47
R, 9167 - a.44
1. 8068 - 9.44
1.8233 - @,41
1.1€67 - 8.41
1.2568 - 0.38
1.3333 - B.38°
1.4185 - B.38
1.5608 - 8.34
1 5;.».'- - 8-34
1.6667 - B.24
1.7566 - 8.31
1.8232 - B3]
1.3167 - 8,31
PR IR 5 1E] - 8.31
2. 5800 - 8.28
. 660G - 8.25
Z. Sead - .22
4. 8308 - @.19
4. Sa6a - .19
2. 8006 - @.19
<. Saoe - 8.15
': Sistele] - @.15
£, SHOm - 8.1%5
V. 80005 - @12
7. So0e -~ @12
2. 8660 - f.12
£, Taae - 3,12
= a0 - 3,12
.——, x| - E'mc

Weston Geophysical
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v.4167
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(B, TEO8
8.8333
@, 9167
-1, 0500
1.9333
1. 1667
2560
1.3333
1.415%
-1.5660
1.5333
1.6667
1.7586

Pl et 4
PRSI

1.9167
2. HE6D

50085

LU R I W DR T N

£
&
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Unit# @opes Testé 7

RlSm’q’ . M-03

INFUT 1t Lewel (F) TOC

Fefezrence 3, &
S
)

Scale factor 1@-:
Offzet .

Stepd B BE2% 11:46

[xx X

ElzFzed Time" Value

[ EuNn

B, 586a 8.73
xs0 =, 6033 8.76
&, 0066 8.73
R.6093 | a.69
8.6133 ©. 0.6
B.0165 - 8.66
-B.0200  8.63
8.0233 6. 60
2. 8266 6.57
-1, 6360 8.54
B, 6333 @.54

~3, 6500 9.41
B, 8566 8.3¢8
4.8823 £.31

-9, 1608 2.31
B.1166 8.28
B.1333 .28

-8, 1560 ©.25
@.16€¢ 6,2

&, 1833 9.25
-3,2600 @. 25
B, 2166 8.25
6.2333 .25
- 3.2560 @, 22
0. 2658 @, 22
6.2333 8.22
- 61, 3660 .22
6.37166 8.22
85,3333 8.22

8.4167 8.2
-3, 5608 8.1
@.5%833 8.1
B.66£7 8.1
- @, 7508 g.1
u.1

a.1

o
Ha2ons

H.o1E7

1.8233 .19

1.1€67 8.,1¢
-1,2%805 9.19
1.3333 8.19
1.4165 0,19
-1, 5050 8.19
1.8332 8.1%
1.6567 8.19
11,7508 a.19
1.633 8.1¢
1.9167 0,19
-2, Qa3 6.1
-2 S0 @.15
P | ) 3.15
2, SEaG 8.1%
-G, O0GE @.1%
~d, SEHGEE .a.1%
5. A00n 8.1%
=5, SHag a.15
-, B 8. 1S
5 BRE5 @. 15
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-, BROHG 8.12
-2, Saed a. 1z
-, gRoa 8.1z
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-1, 3 fg.12
RRBPR RIS 8.1z
Erif

IHF'U%LII :q L;_u,}u;_;{lz ¢F> TOO
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Tezi# &

&. 88
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Stepd 8 @529

Elarzed Time
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11:30
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B.EEET
-3, 7500
8.8333
. 91E7

- 1. B0
1.8233
1.1€67
- 1.2560

-7
1 . :."-."Qs"

1.416€
-1.56003

(]
B PADAESTY

X
o

v O G 0

!
2
AN

ABIRY S s s

R D~
5115 = O LA e O

¥,

L R O T T T T T A Y T T T T T TN T T TR O A A L T T O T O O L O O Y D IO O B A

0.6%9
8.76
6.76
.69
Q.56
@.38
8.34
a.31
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Unit# BOREE Test# 2
RIS(NG . MoA
IHFUT 1@ Lewel (F» TOC

Reference - 0.608
Scale factop lgg.86
Offset . 8.80

Sterdt @ BE/29 13:82

Elarsed Time . Value

6. 0060 8.76
-, 6833 8.79
_. B.6066 © o B.76
@.06%3 8.73
6.6133 . 8,73
a.816& B.€9
Vo~ @,a260 .66
@.8233 0.66
8.06266 B.63
-8, 8300 8.63
@6.8333 .68
-8, 856a 8.47
8. 0866 a.41
6.az33 B.34
-4, 1668 8.31
8.1166 8.28
8.1333 6.28
~G.1506 8.25
8.1666 €6.25
8.1833 8.22
-, 2600 a.22
8,216 8.22
66,2333 0.22
-3, 2500 8.22
8.2666 9.22
8.2833 6.19
€1, 3604 8.1
8.3166 8.19
@, 3333 a.19
8.4167 6.19
-4, 5008 8.15
8,56833 8.15
6.€567 ©.15
-4, 7506 6.15
B8.8333 - 8.15
8,167 @.1%
-1, 6860 6.15
1.683533 B8.15
1.1667 8.12
— 1.2506 e.12
1.3332 T e.12
1.416% 8.12 .
—-1.560a .12
1.5832 6.12
1.66E7 8.12
-1 .7 305 a.12
1.8333 ‘ @,12
1,9167 6.12
S o Jalc]c] 6.12
-2, 5065 §.12
g 555 2,09
- 3.5 8.09
-4, FaE 2.89
-4, 5060 8.09
g T o jcls ik 8. 85
5, 50066 a.6e
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fongl 0815 5 .05
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Scale factor 183,86
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Gtepd B @629 12145

Elapsed Time Yalue
@a. o600 - B8.93
—@., 8633 - 8,85
8. 0058E - 8.78
9.60%3 8.73
2.8133 - B8.79
©.81¢€6 - Q.47
-@.0208 - 8.22
8.8233 - 8,57
@, B26E - 8,19
-0, 8302 - 3,22
8.6333 - 8,38
-, @508 - 8.19
8.0666 - 8,25
B.BE33 - B8.25
-6.1660 - 8.22
B.1166 - B8.22
8.1333 - B8.22
-@, 1563 - 8.22
8. 1665 - 8.22
€.1833 - a,22
-0, 2608 - 8.22
Q.2165 - 08.1%
8,2333 - a.18
—-@, 256005 - &.19
8, 2568 - /.22
G, 2837 - 8.19
-3, 3004 - 8.19%
B.3166 - Q.19
£, 3333 - B.1%
8.4167 - 8.19
—d, Sa6a - B8.19
£.8832 - 8.19
B.EEET - 8.1%
-5, 7568 - 8.19
04,8333 - Q.15
08,9167 - 8,15
-1.66803 - Aa.15
1.8837 - #.15
1.1867 - 4,15
-1.2562 - 8.15
1.3333 - 8.12
1.91€% - 8,12
~1.5006 - 3,12
1.5833 - 5,12
1.€6E7 - 13,12
-1.7565 - [,12
- 8.12
- 3,12
= - B8.12
- 8,12
- @,e9
- @@z
- B85
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- 8.6
- 8,08
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- O,p3
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- 8,83
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INPUT 13

L

Refezrence
Scale factor
Offset
Ster# O

Elapzed Tine

1L LW W= -

SiNg HEAD

Lewzl (FY TOC EALLOW%

INFUT 1%

WL L et

Feference
Scale factor

Leuel

[ Le O
M-OL. .
(F> TOC

€. 80

163,36

- S ¥
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- s e

i

b

A PR ot ’ oo P
3 AT I Lo v
-4 “Il.ll - R L'l..

- os am
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@.6000 -

@, 6E33
&.0066
@, 0499
6.8133
B.p1é6
8.3200
8.6233
B8.0266
8.6300
@.6333
8.08500
a. 066
8.8833
8. 1068
B8.1166
0.1333
- @Q,1500
@,16€6
- 9.1833

- 8.2000

8.2166
8.2333
B8.2506
. 2666
@,2833
©6. 304
B.3166
8.3333
8.4167
©.5000
0.5¢33
B.5657
&, 7oea
@, 8333
@.9167
1, 06006

1.8333

1. 8667
1.2508

T
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1.41€8E
1.560606
1,8833
15857
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B33
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Offzet @, 23
Step# 6 BE/23 16185
Elarzed Time Value
8.8060 - 2.92
£.,6033 - 3.24
6. goés - 2.76
a.a0932 - 3.49
6.8133 - 1.33
g.6166 - 1.81
Q. uz6a. - 3.46
68,6233 - 2.35
a8.6265 - 2.47_.
&, 6368 - 2.5¢
. B.8333 - 2.44
6.085608 - 2.44
H.0E66 - 2.41
@.9e33 - 2.33
8.1000 - 2.3%5
B.1166 - 2.28
a.1333 - 2.25
8.15008 - 2,22
B.1e66 - 2.1¢
8.1833 - 2.186
a.2660 - 2,12
8.21¢é5 - 2.8%
®,233 - 2.85
&, 2568 - 2.83
£, 2866 - Z.ag
. 2833 - 2.80
g, 064 - 1.%7
@, 2165 - 1.93
RS - 1.93
g2.4187 - 1.84
a.566a - 1.74
8.5833 - 1.65
8. 6657 - 1,52
B, 7oOa8 - 1.52
86,2333 - 1.49
8.91:7 - 1.43
1.8006 - 1.38
1.0833 - 1.33
1. 1667 - 27
1,2588 - .23
1.3333 - .20
1.4165 - 1.17
1.560668 - 1.14
1.8833 - 1,11
1.6667 - 1.88
1. - 1.04
1.1 - 1.81
1. - B.%8
z - B8.95
' - &7
- B.EH
. - 8.57
. - B8.47
. - B.41
. - /.34
e - @.2s
‘-'- - E‘- 25&—
- - 8.2z
v - @19
T - Qs
3] - a1z
=N - 3.1z
=, - 8,89
4, - @05
., - 3,38
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Unit# BOGI0N Testd 7
RASING HERD m=D%
INPUT 1t Lewesl (F) TQC

Referernce 6,66
Scale factor ion, g6
Offset g.60

Ster# @ BE6/23 1ZiS2

Elapsed Time ™ W3lue

8,666 .85
8.0933 8.57¢
9.8855 g.41
@.e899 a.41
8.8133 8.15
8.0165 8.15
8.6260 8.47
8,06233 g.6@
8.0266 8.3
#.8360 8.7%
8.6333 a.73
@, asea 2.47
8.8666 8.9
@.08833 9. 98
6. 1666 .06
8.116¢ 2. 80
8. 133X @.00
8,150 a. 06
8. 1€€€6 8.80
8.1833 8.60
8.2008 &.60
9.2166 6,00
£8,2333 &, o
6.2500 B8.81
3, 2666 @. ag
8.2833 B8.808
@, 2aaa @, aa
B.3166 B.83
B.333 2,80
C@.4167 ¢, ea
B, 5808 8.00
8,.5833 2.8
2,867 g.e6
8.7568 9.080
8.8333 @.0n
6.9167 0.8
1.0688 0. 66
1.6333 o, ma
1.1667 @. 00
1.2508 1,9
1.3333 .00
1.41€€ a.6e
1.5808 g.64
1.5833 2. ua
1.6667 @, e
1.75688 B. 89
1.8332 8.0
1.9167 €. a8
2.60a6 @, 00
Z.5096 (Shgcle]
I, qoag - @.aZ
3. 5E66 &, a0
4, 0003 - @.837
4,530 B, 20
=, eean - §.93
. 50008 .93
€, BR00 0.0
£, 5009 - B.33
7. 000a @, a0
7. 5060 £, 58
o.eana . - 8.87
&, o800 g, an
@, 08

3,080

7, 60

W, G

G A

Unit# opOBG Tesid 5
FALLING HEAD M=07
IMFUT 13 Leuel ¢F) TOO

Reference £, aa
Sezle factor 188. 26
Off=zest 8.68

Step &8 BEr23 13:3

Elarpzed Time Vzlue
o, 6508 - #3.58
@, 333 - B.66
0. R966 - B.34
Q6099 1.27
@133 8.15
F.616¢6 8.12
@, 6260 A, 66
., 8233 8.83

] 8,08
g8.8383 - B.880
8.8333 8,83
g.aspa 8,68
@. 0686 9. 80
8.83833 83.68
@.10060 . 8.60
8-116’6 N eu @B
8,1333 8.0808
@.15em 8.66
@.16656 2.806
08,1833 B, 83
&, 2aa8 8.a06
8. 2165 8,686
@, 2333 7,63
0,258 3. 688
8. 2668 8.60
93,2833 a.9a
. 3068 8. 66
#,3166 a.an
8.3333 B.63
8.4167 8,608
a. 5850 a.6a
a.S8=3 2,80
@, 6EET 8.a0
3.7560 8. 86
8,8333 @, 80
@, 9167 A, 88
1.6068 g.9a
1.8533 g, a0
1.1867 8.8a
1.2568 a8.668
1.3333 K. 06
1.4164 3. 88
1.56068 8. 86
1.8833 &, ae
1,667 8. a6
1,758 8., 6e
1.8333 ., a6
1.9167 g, Ba
<. a306 . a6
Z.568603 @ a5
Z. a3 .88
Z. 000G a. 86
&, 8600 2,80
4, 5and i1, 80
DL anon a.06a
g u o ] a.npe
e, 8005 @a,83
&. 5060 [, 63
T 060 9,80
7. SR05 @, a3
& ac 3,83
B 8,83
= 4,63
G, 0,67
£ 8083

Weston Geophysical
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Unitf QOORGaE ezid 3
R1SING -6%

INFUT 10 Lewel (Fx TOC

Fefersnce G, 83

Zeale facto 104,88

Offtzet @, 80

1R:25

Yalue

.68

a.69

B.£3

a.47

@.08133 &.33

B, 8355 8.28

2.25

8,0273 8.31

H. 0266 B.44

-2, 208 8.63

8, 8333 8.73

-3, 85p0 n.382

B.0665 a.59

/.8833 8.79

-3, 166G 8.73"

B.1158 Q.75

21333 8.73

-0, 1536 ’ 86.73

g, 1666 a8.73

a.1833 a.66

-, 2300 8.57

R.21686 B.54
7.2333 7.54 "«
-, 2508 8.54-~

. 2558 8.54

@.4157
-5.5005
§.5833
B 6667
~3,7500
8.8332
B.9157
-1, 6800
1.6833
1.1867
~1.2500
1.3333
1.4166
-1.5600
1.5833
1.6667
~1,75@9
1.8333
1.9167
-2, B0
~Z2.5000
~3.20406
-T.85233
~3, B
-4, 5605
~ 5. BO60
~5. 5060
— &, 6000
- 6.5608

~7.0600

~7.500a
—&, aafg

—&, GE3g

- 8. B3
- 12,9000
chn

B.58

P BN
NN D

G‘@@l‘S).GHS'Q

P&
TS
NRNy

A N N AN
PENNNEARURIRY

COOVOCOOCOD

T
o
. ¥

)
DDA A ]
.

s U AN
. v * 0w

L
.

@.1a33

-5, 3500
8.3166
8. 3333
6.4167

- 0. 5000
@.5033
a. 5567

7. 7500

-

;A
»

G167
. 59298
1.8333
1.1467
-1.25008
1.3333
- 1.4166
=1.5009
1.5833
1.66€67
-1.7506
1.8353
1.9167
-2,00608
- 2.5000
- 3.06u8
- 3. 56805
. =4,08068
= 4.50008
- 5.08008
«35.500@
» €. 8008
- &, 5290
- 70003
7. 5080
- £,886¢6
-2.50808
- Q,8888
-9, 5608
=16, QI3
- 12,9906
EHD

[ S A
.

Value

MUR s W]

LD DA
v % e .

DAY
[N AR B R LR O]

.

)

.
i O

GRRODOD

YD Ty O O O T O O

5
5]
B
g
8
%
a
(5]
c.

D
[ B
[» I35

9,85
.85
- 8.83
8.8%
2.e9
3, 8%
0.05
€.85
8.85
2.86
8.88
@.ec
8. 88
9,86
8,89
.83
B, 85
8.85
8. 88
8.8¢5
Q.n9
8.89
0.68¢5
8,86
8.9%
8.06

L B.0R
a.8% -

g, a5
8,85
8. 85
&, Gs
g, 85
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Upit# DoE88  Teztf S
REiNG HERD  m-0F
INPUT 1t Level ¢F> TOC

Reference g.6a
Seale factor 18,26
Off=ze=t 6.66

Stepd @ @623 12137

Elapsed Time Value
B8.056R g.9¢e
g, 8633 B.68
B8, 6Rs6 @.92
G, Bpes 8.73
8.86133 .

£.0166
6.6280
©.6233

68,2833
6.36800
f.316€
A.3333
8.4167
8. S000

@.5833

58

7

g

I2

‘B.G266 .3
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Unit# GGE01 Testd S Unit# 00961 Testi# 4
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515 g.63 Fgatsluis - 0.63
B.E3 =, 0080 =~ 8.83
g, 53 : ; - @.58
5 s ; - ®,.54
0,83 - 8,58
7.0 - 8.80
.53
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Example Packer Test Calculation

Hydraulic Conductivity = K

K = 9 X ln L

2wLH R

Test #1
Q - 0.36 gallons/minute
"because 1.6 gallons (1049.6 - 1048.0)
were added in 4.5 minutes.

So

1.6 gal. _ 0.36 gallons/minute
4.5 min.

10 feet (length of hole tested)

€
i}

H (gravity) + H (pressure)
H (gravity) = feet from water table to water swivel = 31.13 feet

H (pressure) average gauge pressure (feet)
2.31 x 12.3 psi = 28.41 feet
So H = 31.13 feet + 28.41 feet = 59,54 feet

R = 1.875 inches = 0.157 feet

0.36 GPM x 1n <1o feet ) = 4.00 x 10~¢ Gpm/ft?

2mw(10 £t.)(59.54 ft.) 0.157 feet )

8.88 x 10~7 cm/sec

s C-1 o-

~ Weston Geophysical
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